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IN BRIEF 
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Viomycin sulfate (viocin) is the crystalline salt of an 
antituberculous antibiotic derived from the actinomy- 
cete, Streptomyces puniceus. In patients resistant to 
routine agents, VIOCIN provides significant therapeutic 
effect, particularly in combination with other antituber- 
culous agents. VIOCIN protects against operative compli- 
cations and is apparently not cross-resistant with strep- 
tomycin or isoniazid. 

INDICATIONS: As an adjunct in the treatment of progres- 
sive exudative, hematogenous lesions and the pneumonic 
type of pulmonary tuberculosis; cutaneous tuberculous 
lesions and fistulas; tuberculous lymphadenitis; tracheo- 
bronchial and laryngeal tuberculosis; alimentary, perito- 
neal, genitourinary, meningeal, miliary, and bone and 
joint tuberculosis; and postoperatively in thoracic sur- 
gery on tuberculous patients. It is useful prophylactically 
in operations such as lobectomy and pneumonectomy 
for pulmonary tuberculosis. 


ADMINISTRATION AND DOSAGE: VIOCIN should be adminis- 
tered by deep intramuscular injection, preferably into the 
gluteal, thigh, or deltoid muscles. The dosage employed 
for most forms of tuberculosis is 2 Gm. (given in two 
doses of 1 Gm. each, 12 hours apart) every third day, 
usually in combination with PAS (12 Gm. daily by the 
oral route). Therapy should be continued for at least 
four to six months. Daily administration of viocin 
should never exceed 2 Gm. and should never be given 
continuously for more than one month. 


SIDE EFFECTS: The toxicity of viocin is related chiefly 
to dosage. When recommended dosages are used, toxic 


reactions are unlikely to occur with any degree of fre- 
quency or severity. They may occur in occasional indi- 
viduals, however, and the following reactions should 
be watched for in all patients receiving the drug: renal 
irritation, disturbances of the eighth cranial nerve, 
allergic reactions and eosinophilia, electrocardiographic 
abnormalities, edema and fluid retention, and disturb- 
ances in the serum electrolyte pattern. 


PRECAUTIONS AND CONTRAINDICATIONS: VIOCIN should be 
used under the close supervision of the physician, and 
should not be used when routine measures (as in mini- 
mal or primary pulmonary tuberculosis) or other drug 
therapy (streptomycin, isoniazid, PAS, either singly or 
in combination) would be effective. Like other anti- 
tuberculous agents, VIOCIN is of relatively little value in 
the therapy of extensive caseous or fibrotic lesions. 
Patients with impaired renal function should receive 
lower dosages and be carefully watched for signs of 
toxicity. The similar nature of the toxic manifestations 
of streptomycin and viocin suggests that these two drugs 
should not be used concomitantly except when the poten- 
tialities of other drug combinations have been exhausted. 
They should not be used on the same day, and the higher 
dosage ranges should be avoided. 


SUPPLIED: In vials containing the equivalent of 1 Gm. 
or 5 Gm. viomycin as the sulfate. Diluent to be added. 


More detailed professional information available on 
request. 


1. Davey, W. N.: GP 19:107, No. 1, 1959. 


Science for the world’s well-being™ PFIZER LABORATORIES Division, Chas. Pfizer & Co., Inc. Brooklyn 6, New York 
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DIAGNOSTIC AND RESEARCH INSTRUMENTS 
FOR CARDIO-PULMONARY STUDIES 


NITROGEN GAS ANALYZERS 


Nitralyzer 105 - A simplified, reliable, utility mode! with two 
ranges of nitrogen concentrations, 0-80% and 0-20%. 


Nitralyzer 300AR - The most complete nitrogen meter, incor- 
porating nine ranges including two zero suppression scales, a 
built-in vacuum gauge, and sufficient output to drive many ink 
writers direct. 


Nitralyzer Delta - An accessory instrument for any nitrogen 
meter... it is specifically designed to perform the Single Breath 
Test by indicating the difference in nitrogen concentrations between 
the 750 and 1250 milliliter volume pcints for a single expiration. 
Does not require the use of an auxiliary electrical recorder. 


WEDGE Spirometer 170 


DATA CORRECTOR 


DOC—Data Optimizing Computer 190 - A single func- 
tion computer which aut tically adds correction data to 
the output signals of any electrical device so that the resultant 
data can be interpreted directly without reference to calibration 
curves. The calibration correction data can be quickly changed 
making it practical to have one DOC for use with several non- 
linear instruments. 


SAMPLERS 


Six Shooter Gas Sampler 180 - An inexpensive device which 
extracts 25 milliliter volumes of gas from a stream. Can extract 5 
somples in rapid succession upon electrical actuation. Removes 
sample without mixing and with zero dead space. 


Nitralyzer 3O00AR 


SPIROMETERS 


Wedge Spirometer 170 - An uncomplicated reliable, high- 
dynamics spirometer which provides simultaneous electrical output 
signals for volume and flow. The instrument is waterless but airtight 
and offers virtually zero resistance to breathing. 
Servo-Spirometer 250 - Electrically driven servo-controlled 
spirometer with extremely high dynamic response for following the 
widest range of human inputs with no loading of the patient. 
Servo-Spirometer 350 - Similar dynamics as the Mode! 250 
but has higher accuracy and greater flexibility provided by a 
variety of scales and gain controls. Can be programmed for auto- 
matic re-cycling and used for many extended studies not heretofore 
practical. 


Data Optimizing Computer 190 


For complete specifications write or call 


MED-SCIENCE ELECTRONICS, INC. 


formerly named 


CUSTOM ENGINEERING AND DEVELOPMENT CO. 


TELEPHONE JEFFERSON 5-7 


800 « DEPT. F-1 + 2657-49 LOCUST STREET «+ ST. LOUIS 3, MO. 
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Taking All the 
TB Medication 
a You Prescribe 


You can be sure if you prescribe PASNA TRI-PACK’. 


It eliminates gastrointestinal upset due to PAS therapy. 
And the entire medication is combined in a compact, easy to take, premeasured granular form. 


Only three packs per day furnish the complete daily therapeutic regimen 
for adult tuberculosis patients. 


PASNA"* TRI-PACK 3920: 


Three packs per day supply 300 mg. isoniazid 
and 30 mg. pyridoxine HCI in 15 grams PASNA® Granules.* 


PASNA’ TRI-PACK 6: 


For the patient requiring high INH therapy, three 
packs per day supply 600 mg. isoniazid and 60 mg. pyridoxine 
HC! in 15 grams PASNA® Granules.* 


For detailed literature and samples: 


BARNES-HIND PASNA COMPANY 
895 Kifer Road, Sunnyvale, California 


*PASNA GRANULES ARE EQUIVALENT TO 85% SODIUM AMINOSALICYLATE 
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THE “PERCENTAGES” 
IN SEAMANSHIP 


If sailors played percentages, very 
few would carry life preservers. A 
good sailor doesn’t expect to come back 
wet. But as long as there is the 
possibility of a man overboard, the 
. seaworthy skipper takes extra 
‘+> precaution to minimize the risk. 
wi As a matter of fact, coast 
guard regulations require one 
life preserver for each 
person on board a pleasure 
craft — just to be safe. 


If doctors played percentages, there 
would be very little concern over 
para-aminosalicylic acid and its salts. 
PAS has been used successfully for 
many years as standard tuberculosis 
therapy. But doctors recognize that 
side effects, traceable to the aging of 
the drug, have sometimes limited its 
usefulness. So to minimize the risk of 
side effects, more and more buyers 
are today specifying domestically 
produced MILES PAS with its Certified 
Assay. The actual assay is made just 
prior to shipment, and its date and 
Seal of Surety assure you that 
the product meets or exceeds USP 
specifications at the time of shipment. 
Your tableter can provide this signed 
certificate. Ask for it — just to be safe 


Miles Chemical Company 
Division of Miles Laboratories, Inc. 
Elkhart, Indiana e Phone COngress 4-3111 
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WORLD-WIDE SURVEY 
OF PRESENT DAY BRONCHOGRAPHY* 


clearly shows 


DIONOSIL 


widely used, emphatically preferred 


Fifty-seven specialists in thoracic medicine and surgery, mostly in the United 
States but some practicing in Europe, Canada, South America and Japan, 
replied to a questionnaire sent out by the Committee on Bronchoesophagoscopy 
of the American College of Chest Physicians. 


The results have been analyzed and published. 
Of these 57 specialists, no fewer than 47 used Dionosil. 
Many used Dionosil exclusively, and emphatically preferred it. Particularly 


praised was Dionosil Oily, described as “certainly the favorite preparation at 
the present time”. 


The survey showed that: 


@ Bronchography is increasingly used to elucidate lung conditions other 
than bronchiectasis. 


@ Use of Dionosil instead of iodized oil eliminates risk of iodine sensitivity. 
@ With Dionosil alveolar filling is quite unusual. 
@ Complications are rare with Dionosil. 

* Diseases of the Chest, (1958), 33, 251 


is available as oily or aqueous suspensions of propyliodone, 
in 20 cc vials and in 100 cc bottles 


Dionosil is a product of GLAXO Laboratories, Ltd., Greenford, England, 
distributed in U.S.A. by 


PICKER X-RAY CORPORATION 
25 South Broadway, White Plains, N.Y. 
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Wis is 
the highly _. 
accurare 
Juberculin, 
Jest 


PULL... 

STERILE, 
SELF-CONTAINED 


FIRMLY 
AGAINST 


AFTER 
SWABBING 
SHE, 


"Russell, W. F., Jr 
Comparison of Tuberculin Skin Reactions: Tine Test vs. Intracutaneous, Scientific 
Exhibit, 110th Annual Meeting, A.M.A., New York, June 26-30, 1961. 


The TINE TEST offers these ad- 
vantages: ® Accuracy comparable 
to the Mantoux ® Adaptable to 
both mass testing and individual 
use in office practice ® Sterile, and 
disposable after one use — elimi- 


nating possible danger of cross- 
infection ® Easy to apply, permits 
uniform administration by auxiliary 
personnel ® Designed for rapidity, 
aphysicianand nurse team cantest 
25 individuals within two minutes 


Each unit contains one complete tuberculin test: a plastic 
holder with stainless steel disc and 4 tines coated with Old Tuberculin 
and dried. Except for cleaning the site with alcohol, no preparation, 
clean-up or other materials are needed. Reactions, read 

48-72 hours later, cari be readily identified and measured accurately. 
A series of tests* performed in tuberculosis hospitals confirmed 

the accuracy of the Tuberculin, Tine Test compared with 
the Mantoux. In one group of 942 Mantoux positives, 
97.8 per cent were positive by the Tine Test. 

Among another group of 436 bacteriologically proven 
cases, 97.7 per cent were positive by the 

Mantoux Test and 97 per cent by the Tine Test. 

For industrial, school or community programs, the 
LEDERLE TUBERCULIN, TINE TEST offers distinct advantages 


in speed, accuracy and economy. 
Supplied: Box of 25 test units. 


; Lynch, H. J.; Doto, !.; and Furcolow, M. L.; 


DISCARD 
DISPOSABLE 
PLASTIC 


® Predetermined dose not subject 
to errors of measurement ® Multi- 
ple punctures help eliminate test 
failures, permit reactions to be 
read quantitatively ® Virtually pain- 
less, not frightening to children. 


NEW LEDERLE TUBERGULIN, TINE TEST 


(Rosenthal) 


Request complete information on indications, dosage Baccus and 


contraindications from your Lederle representative or write to Medical Advisory Department. 


LEDERLE LABORATORIES, A Division of American Cyanamid Company, Pearl River, New York QQ 
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New and improved. 
Extremely sturdy cloth, 
rubber impregnated, 
wedge-shaped bags. A 
metal bar is moulded 
across the upper end of 
the bag to provide 
greater rigidity and 
prevent the bag from 
collapsing and folding 
in the middle when por- 
tially full. Extremely gas 
tight. 


LA. 6016 


PLASTIC POLYVINYL 


TUBING, CORRUGATED 


Smooth inside provides minimal resistance to gas 
flow. Will outlast rubber many times. Highly flexible, 
no kinking. 1° 1.D. cuff diameter, available in 3 sizes: 


Length 60 mm (24) with cuffs 
80 mm (32") with cuffs 
200 mm (80) with cuffs 


1A. 6019 


$6.00 
$8.00 
$12.00 


Smooth bore tubing, heavy wall, highest quality. 


1” Gastight 


1.A. 6013 


$2.00 per ft. 
$5.50 per yd. 


Mouthpiece, pure latex rubber, flexible. Large bore 
25mm. |.D. Extremely low resistance. Can be auto- 


claved 


PARKINSON 
COWAN 
Gas Meters, Dry 

1.A. 7600 

Portable Spirometer, 
Type low re- 
sistance, with rubber 
non-return valve, cali- 
brated inlitres. 10 litres. 
per revolution, capacity 


$2.50 


6000 litres per hour. 
Resistance 40L/min. 
0.4cm H2O 
Resistance 100L/min. 
1.2cm H2O $150.00 
LA. 7601 
laboratory Test Meter 
(not illustrated) Type 
“CD-4," calibrated in 
litres or cubic feet. For 
MBC, extra low resist- 
ance. 1% accuracy 10 t 
per revolution with 
counter to 100L. Capac- 
ity 11,000L/hour. 
Resistance 100L/min. 
0.4cm H2O 
Resistance 1851/min. 
1.2cmH2O $225.00 


MANUAL VALVES 
FOR DOUGLAS 
BAGS AND GAS 

TRANSFER 


LA. 6009 
3-way Stopcock, alumi- 
num, large bore and 
large |.D., minimal dead 
space. A precision valve 
in every way. Easily dis- 
for cl 9 
Grooved tabulation, 2° 
long tapered, 1°’ bore, 
highly polished, plated 
aluminum. No rough 
edges to impede flow of 


1.A. 6008 
(Not illustrated) 2-way 
Stopcock, same as 
above, but without mid- 
die port. Finely made. 
$29.5C 
1.A. 6009T 
(Not illustrated) Stand- 
ard 3-way Stopcock. 
Smoller and cruder than 
6009. Not plated. Has 
pinstop to indicate 
quarter turn instead of 
being machined. Ade- 
quate where precision is 
not required. $25.00 


BREATHING VALVE 
1.D. 25mm with seporation in valve body to reduce 


dead space. 
Resistance: 


0.8 cm at 100 L/min 
1.9 cm at 200 L/min 
4.1 cm at 300 L/min 


7.6 cm at 400 L/min 
10.4 em at 500 L/min 
14.7 cm at 600 L/min 


Easily disassembled for cleaning with lip to fasten 


to holder and ribbed end for tubing. 


1.A. 6000 


$79.50 


SINGLE WAY LOW RESISTANCE 
BREATHING VALVE 


(not illustrated) 1.D. 25mm all aluminum, easily dis- 


bled 


and cl 


a 


Measured resistance: 
0.6 cm at 100 L/min 


1.4 cm at 200 L/min 
3 cm at 300 L/min 


§.2 cm at 400 L/min 
8.3 cm at 500 L/min 


12.1 cm at 600 L/min $45.00 


Distributors of Laboratory 
and Scientific Specialties 


INSTRUMENTATION 


ASSOCIATES INC. 
17 West 60th Street New York 23, N. Y. 
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NEOPASALATE 


clinically evaluated 


leon 


Pharmaceutical Manufacturers 
ST. LOUIS 16, MO. 


avoids intolerance in PAS therapy 
including nausea, dizziness, gastric 
upset and other undesirable side 
effects; 


makes the augmentation of the 
regimen with anti-nausea products 
unnecessary; 


is more uniformly absorbed and less 
rapidly excreted; maintains thera- 
peutically effective blood levels 
(over 1 mg. percent) over longer 
periods of time, thereby reducing 
the total dosage or increasing 
the intervals between medication. 


P-aminosalicylate blood level comparison. 
Clinical studies of Tuberculor Patients. 


DOSAGE: One NEOPASALATE tablet supplies 
PAS ion equivalent to 500 mg. of Sodium 
para-aminosalicylate, 

By for the largest percentage of patients 
intolerant to other PAS products show no 
side effects or disruption of normal gastric 
pH ranges when receiving NEOPASALATE 
tablets, 


WRITE OR PHONE for samples, literature, 
evaluation results. 
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ERRATUM 


In the July, 1961, issue of the Review (vol. 84), in the article entitled “The Effect 
of BCG Vaccination on the Fate of Virulent Tubercle Bacilli in Mice” by Francois M. 
Lévy et al., there was a transposition of figures 2 and 3. 

Figure 2 illustrates the spleen of the control mouse. 
Figure 3 illustrates the lung of the vaccinated mouse. 
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CLINICAL USEFULNESS OF THE SINGLE-BREATH PULMONARY 
DIFFUSING CAPACITY TEST" * 


BENJAMIN BURROWS, JOHN E. KASIK, ALBERT H. NIDEN, 
anp WILLIAM R. BARCLAY 


(Received for publication April 6, 1961) 


INTRODUCTION 


During the past decade, there has been con- 
siderable interest in measurement of the pulmo- 
nary diffusing capacity (D1), leading to the 
development of a variety of methods for its 
determination. These techniques have proved 
highly valuable in investigating the normal and 
abnormal physiology of the lung. Numerous 
reports have indicated that the diffusing capacity 
may be decreased by a variety of disease states, 
but the specificity of a low pulmonary diffusing 
sapacity (D1) for any particular type of lung 
disease has not been determined, nor have the 
normal limits for this capacity been definitely 
established. 

The present report is a review of the writers’ 
experience with one of the methods for deter- 
mining pulmonary diffusing capacity, the Forster 
modification of the Krogh single-breath test (1). 
Results in 555 subjects have been tabulated in an 
attempt to determine the normal limits of the 
test, its ability to distinguish normal from abnor- 
mal subjects, its specificity for certain lung dis- 
orders, and its contribution to the total evaluation 
of lung function. In addition, the reproducibility 
of the test is evaluated. 


MATERIALS AND METHODS 


Since 1957, single-breath diffusing capacity de- 
terminations have been performed as a clinical 
service in the Pulmonary Function Laboratory of 
the University of Chicago Clinics. Patients re- 
ferred for a ‘“‘complete evaluation’’ have received 


'From the Department of Medicine, Uni- 
versity of Chicago; and the Pulmonary Function 
Laboratory, University of Chicago Clinies, Chi- 
cago, Illinois. 

? Supported by a research grant from the IIli- 
nois Tuberculosis Association. 


this test in addition to determination of their lung 
volume and nitrogen washout curve, simple tests 
of ventilatory mechanics, and ear oximetry. More 
than 2,000 patients were seen in the laboratory 
during this period of time, but only 555 subjects 
had D, determinations, indicating some case selec - 
tion. However, no conscious attempt was made to 
select cases for an eventual report on the diffusing 
sapacity. For this reason, many of the patients 
whose cases are reported suffer from mild disease, 
and some have doubtful diagnoses. They are fairly 
representative of the type of patient referred for 
pulmonary function testing in a general hospital; 
many were tested as part of a preoperative evalua 
tion. All subjects with diffusing capacities who 
were eighteen years of age or older have been in- 
cluded in the present report. 

Residual volumes were determined in all sub- 
jects by a modification of the Darling open-circuit 
technique (2). The diffusing capacity was deter- 
mined by the method of Forster and associates 
(1), using a Cambridge catherometer for helium 
analysis and a Liston Becker infrared absorption 
meter for carbon monoxide determination. For a 
period of six months, a Godart katapherometer 
was substituted for the Cambridge helium ana- 
lyzer. The inspired mixture consisted of 0.25 to 
0.30 per cent carbon monoxide and 9.0 to 14.0 per 
cent helium in air. Breath-holding times were kept 
between ten and twelve seconds. All reported 
values for D;, and for Dy per liter of lung volume 
(D./V1) represent an average of at least two sepa- 
rate determinations. Values for lung volume are 
reported as standard temperature pressure dry 
(STPD), and values for the diffusing capacity are 
reported as cubic centimeters of carbon monoxide 
diffused per minute per millimeter of mercury 
alveolar-capillary gradient. 

Ear oximetry was performed on almost all sub- 
jects in the study. For purposes of this paper, only 
the changes in arterial oxygen saturation with ex 
ercise were analyzed. Waters Corporation oxime- 
ter ear pieces were used throughout, in conjunc 
tion with a Grass oximeter control box, amplifier, 
and recorder. Both single-scale and double-seale 
readings were obtained, and the latter were used 
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for final determination of the change in arterial 
oxygen saturation. Exercise was performed by 
stepping on and off a nine-inch platform, a stand 
ard test consisting of thirty steps in a period of 
ninety seconds. Patients were allowed to stop at 
any time that dyspnea became severe or if there 
were a greater than 10 per cent fall in arterial ox- 
ygen saturation. For this reason, the quantity of 
fall noted is only a rough index of the blood gas 
disturbance, and exercise may not be strictly 
comparable from subject to subject. Falls in ox 
ygen saturation of 2 per cent or less are con- 
sidered insignificant in this laboratory and have 
not been analyzed. 

Forty-one subjects had been referred for base- 
line tests prior to exposure to potentially toxic 
inhaled substances or because of psychogenic 
cardiorespiratory symptoms. An additional 25 pa- 
tients were found to be free of all pulmonary dis- 
ease and had completely normal pulmonary fune- 
tion tests (normal residual volumes, nitrogen 
washout curves, ventilatory mechanics, ear oxim 
etry, and a vital capacity of at least 100 per cent 
of predicted by the Baldwin formula (3)). Sixty 
nine patients had insignificant or strictly localized 
pulmonary lesions (such as ‘‘coin lesions’) and 
had essentially normal pulmonary function tests 
(normal residual volumes, nitrogen washout 
curves, ventilatory mechanics, ear oximetry, and a 
vital capacity of at least 90 per cent of predicted). 
Data in the three groups were compared, and the 
results in these 135 subjects (84 men and 51 women, 
ranging in age from eighteen to eighty-nine years) 
were used to calculate the normal limits of pul- 
monary diffusing capacity for this laboratory. 

The remaining subjects were then classified ac 
cording to disease and the data analyzed. Diagno- 
ses were based on review of the patients’ charts at 
the time of testing or shortly thereafter, and diag- 
noses were not reviewed again for the purposes of 
this paper. An exception to this was the patients 
with congenital heart disease whose charts were 
restudied in order to delineate a group with high 
pulmonary blood flows proved by cardiac cathe 
terization. It is possible that some diagnostic 
errors have been made, but in almost all instances 
the diagnoses were reached only after extensive 
clinical studies and after consultation with a spe 
cialist in the field concerned. 

The “diffuse fibrosis’’ group consisted of 22 pa- 
tients with undiagnosed or idiopathic pulmonary 
fibrosis, 12 patients with collagen diseases, and 2 
patients with berylliosis. No other pneumoconio- 
ses and no infectious granulomas have been in 
cluded. The post-resection group was composed of 
patients who have had all significant pulmonary 
disease surgically removed; the group was heavily 
weighted with post-pneumonectomy patients or 
other extensive pulmonary resections. The em 
physema group consisted of patients with idio 
pathic chronic obstructive emphysema; ‘‘second 
ary’’ emphysema has not been included in this 
group. 


ReESULTS 


Control Group 


Test results in the three groups not expected to 
have any abnormality in diffusion (41 normal 
subjects, 25 patients free of pulmonary disease, 
and 69 patients with localized pulmonary lesions 
and normal pulmonary function tests) were 
analyzed and revealed no differences between the 
groups. Data from the three groups were then 
combined as a single control population of 135 
subjects, yielding the following relationships for 
pulmonary diffusing capacity (D.) versus age, 
D, versus body surface area (BSA), and Dy 
versus lung volume (V,). 

Relationship of D, to age and sex: The cor- 
relations of total Dy with age for males and 
females, respectively, are revealed in figure 14 
and B. Regression lines for these data, deter- 
mined by the method of least squares, reveals 


D, = 36.7 — 0.238 X age for men, and 


D, = 25.0 — 0.117 K age for women, 
when age is expressed in years. The standard error 
of the estimate of Dz, from these equations is 
+5.08 for men and +4.53 for women. It is ap- 
parent that there is a significantly higher total 
D, for men than for women at any given age. 
The effect of age on Dy, is more marked in men 
than in women (P < 0.01 of chance occurrence as 
calculated by Student’s ¢ test), but the correlation 
of over-all D, with age is significant in both men 
and women; the probability that the apparent 
effect of age on Dx is due solely to chance is less 
than 0.01 for both sexes. 

Relationship of D, to body surface area (BSA): 
The differences in total D, in men and women of 
the same age can be ascribed largely to differences 
in body size, as noted in figure 1C. The regression 
line for D,, versus body surface area as determined 
by the method of least squares for all age groups 
is Dy = 15.5 & BSA — 4.6, when BSA is ex- 
pressed as M*. The standard error of this equa- 
tion is large, +5.89, but the correlation of Dy: 
with body surface area is highly significant 
(P < 0.01 that the apparent relationship is due 
solely to chance). 

Relationship of D, to BSA, age, and sex: 
Combining the above regression equations yields: 
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D, = 15.5 X BSA — 0.238 X age + 6.8 
for men, and 

Di = 15.5 X BSA — 0.117 x age + 0.5 
for women. 


The standard error of the estimate of Dy from 
these equations remains large, +5.04. The 
relationship of D, as measured to D, as predicted 
from the above equations is depicted in figure 1D. 
The limits of two standard errors are also shown 
in this figure, and it will be noted that no normal 
value falls below the two standard error range. 
For the purposes of this paper, the +2 standard 
error range will be accepted as the limit of normal. 
Examination of figure 1D also reveals that the 
spread of D, values is almost as great in the low 
diffusing capacity range as in the higher ranges. 
For this reason, it is unwise to express the limits 
of normal as per cent of predicted D, ; the abso- 
lute limit of +2 standard error (+10.08) gives a 
narrower estimate of normal range. 

Relationship of D, to lung volume (V ,): There is 
a definite correlation between D, and Vy, (P < 
0.01). The regression equation derived for the 
entire control group by the method of least 
squares is Dy, = 3.46 X Vi + 7.0 (+3.4), when 


Vi. is expressed in liters standard temperature 
pressure dry and is the lung volume during the 
breath-holding D, determination. 


The least-squares regression equation for 
diffusing capacity versus lung volume indicates a 
positive value for D, when Vy. equals zero. 
However, since the assumption of a uniform 
D./Vi ratio for a given age greatly simplifies 
calculations and is a useful concept, this ap- 
proximation has been accepted and utilized in the 
remainder of the paper. The error involved in 
this approximation for the thirty- to forty-nine- 
year-old age group is indicated in figure 1. It 
should be noted that there is no significant dif- 
ference between the least-squares regression line 
(broken line) and the solid line which indicates 
the uniform D,/V, ratio in this age group (P = 
0.11 that the difference between these lines is due 
solely to chance). Thus, the assumption of a 
uniform D,/V ratio for a given age is not totally 
unreasonable. 

Relationship of D,/V, to age: If the concept 
is accepted of a D./V. ratio characteristic of a 
given age regardless of the absolute value of 
it is possible to plot versus age (figure 
IF). The least-squares regression line indicates 
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that Di/Vi = 6.49 — 0.0298 x« age (+1.12), 
and the correlation of D./V. with age is highly 
significant (P = <0.01). It is apparent from 
figure 1F that there is no significant difference 
between D./Vi. for men and for women of the 
same age. In other words, the difference in total 
pulmonary diffusing capacity between the sexes 
may be explained by their different lung volumes. 
The limits of two standard deviations noted in 
figure 1F will be accepted as the normal range 
for D./V. in the laboratory. Values above and 
below two standard deviations will be 
sidered high and low, respectively, while values 
between +1 and +2 standard deviation will be 
considered high normal and values between —1 
and —2 standard deviation will be considered 
low normal. Values between +1 and —1 standard 
deviation will be called normal in the remainder 
of the paper. 


con- 


Total D;, in Abnormal Subjects 


The deviation from predicted of the total pul- 
monary diffusing capacity for all subjects studied 
is set forth in figure 2. It will be noted that those 
diseases which produced a loss of lung volume 
were associated with some fall in D, , while the 
high pulmonary blood flow of congenital heart 
disease with left-to-right shunt produced D ,’s 
which were higher than predicted. Patients with 
clinical diagnoses of bronchitis or asthma showed 
no significant change in over-al] D; , regardless 
of their degree of expiratory slowing at the time 
of testing. Acquired heart disease, bronchogenic 
carcinoma, and miscellaneous pulmonary dis- 
orders with vital capacities greater than 75 per 
cent failed to show a significant abnormality in 
D., while these same disorders were associated 
with a significant fall in diffusing capacity when 
lung volume was impaired. The diagnosis of 
chronic obstructive emphysema was associated 
with a significant fall in D; , but the alteration 
was not as great as in those diseases which cause a 
reduction in lung volume. The dependence of 
total diffusing capacity upon lung volume be- 
came more apparent in studies of the individual 
groups. In figure 3, Dx was plotted against Vi 
for those patients with sarcoidosis, and a def- 
inite correlation of Di, and Vz, was apparent. 
This correlation was less marked in patients with 
emphysema and in patients with diffuse fibrosisé 
but was noted in all groups, even when the loss of 
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lung volume was due to simple surgical excision of 
pulmonary parenchyma. 

It is apparent from figure 2 that a reduced 
diffusing capacity was a completely nonspecific 
finding, but the differences in V, in the various 
diseases depicted made interpretation difficult. 
In figure 4, only patients with vital capacities 
between 60 and 80 per cent of predicted are 
shown in order to make the various groups more 
comparable. It would appear that all disorders 
showed a roughly comparable fall in diffusing 
capacity, with the exception of the asthmatic and 
bronchitic group. 

The wide range of normal for pulmonary 
diffusing capacity results in a poor differentiation 
of normal from abnormal with this test. Even in 
patients with impaired vital capacities, a minority 
showed a definitely low Dy (below —2 standard 
error from predicted). In the 60 to 80 per cent 
vital capacity group (excluding subjects with 
asthma and bronchitis), only 23 per cent of the 
values for D, were definitely low, 28 per cent 
were in the low normal range, 3 per cent were 
high normal, 1 per cent were above normal, and 
45 per cent were entirely normal. With vital 
capacities above 80 per cent, a definitely low Di 
was encountered in only 9 subjects in the entire 
series (3 with diffuse fibrosis, 2 each with meta- 
static neoplasms and with emphysema, and one 
each with sarcoidosis and with asthma), an 
incidence of less than 3 per cent; there were no 
clinical features which distinguished these 9 
patients from others with the same diagnoses. 
In patients with vital capacities of less than 60 
per cent of predicted, a low D, was encountered 
40 per cent of the time. Of patients with a 
definitely low D, , 48 per cent had vital capacities 
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vital capacities of 60 to 80 per cent of predicted; 
and only 14 per cent had vital capacities greater 
than 80 per cent, despite the fact that 67 per cent 
of all patients belonged in this last group. Thus, 
there was a high order of correlation between 
vital capactiy and D, . 


in Abnormal Subjects 


Deviations from predicted in the diffusing 
capacity per liter of Jung volume are depicted in 
figure 5. The increase in diffusion in patients with 
high pulmonary blood flow is even more ap- 
parent when expressed per liter of lung volume 
than when expressed as total pulmonary diffusing 
capacity. Patients with acquired heart disease, 
asthma, bronchitis, or miscellaneous disorders 
did not show significant alteration in D,/V,. 
When analyzed by age, it is found that post- 
resection patients of less than fifty years showed 
an average increase in D, of 0.76, while age 
groups fifty to sixty-four and sixty-five plus 
showed changes of +0.29 and —0.35, respec- 
tively. The increase in D,/V_ after resectional 
surgery is significant in patients less than fifty 
years of age (P_ < 0.05). 

Pulmonary parenchymal produced 
a somewhat reduced D,/Vi, with comparable 
alterations diffuse 
fibrosis, and bronchogenic carcinoma. The most 
marked reduction in D,/ Vi was noted in em- 


lesions 


produced by sarcoidosis, 


physema, and this value would seem to be some- 
what more reliable in distinguishing emphysema 
than 


from bronchial asthma was the over-all 
D_, since 33 per cent of emphysematous patients 
had definitely low D./V, , and an additional 36 


per cent were in the low normal range. Only 5 


A and B: D, versus age for men and women, respectively. The solid lines represent re- 
gression equation fitted by the method of least squares. Broken lines indicate 
the limits of two standard deviations. 

': Dy versus M? body surface area for age group thirty to forty-nine, indicating 
similar D; values for men and women when body surface area is controlled. 

: Measured versus predicted D, . The solid line represents the line of perfect 
agreement between measured and predicted values. Broken lines indicate the 
limits of two standard deviations of the data. 

}; Dy versus liters of lung volume for the thirty- to forty-nine-year age group. 
The least-squares regression line for this data is indicated by the broken line. 
The solid line has been visually fitted, and would indicate a uniform D,/V_. 
ratio for this age group. (See text for further explanation.) 

*: Di/Vi versus age; solid line represents the regression line determined by the 
method of least squares, and the broken line, the limits of two standard devia- 
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Fig. 2, Measured minus predicted D, for all patients studied. The number of subjects 
in each diagnostic group is indicated in parentheses following the name of each group. Each 
subject is represented by a single dot, and the average value for each group is indicated by 
a vertical line. Horizontal bars above and below this average line indicate the limit of 
one standard deviation for each group. The vertical broken lines indicate the limits of two 
standard deviations from the control group, and therefore, the limits of normal range. 
*Values significantly different from the control group at P < 0.05. **Values significantly 


different from the control group at P < 0.01. 


had definitely low Di/Vi, and 15 per cent 
were low normal. 

Other than distinguishing emphysema from 
bronchitis, the D,./V; would seem to have little 
differential diagnostic value. Considering only 
subjects with vital capacities of 60 to 80 per cent 
of predicted (figure 6), it is apparent that the 


spread of data is too great to be of significance in 
an individual case, despite the lower average 
D./V. values in diffuse fibrosis and in emphy- 
sema than in the other pulmonary disorders, 
Also, determination of would not appear 
an adequate test to separate normal from ab- 
normal subjects since only 33 per cent of the 
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SARCOIDOSIS 


i. 
3 4 
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Fic. 3. Dy versus Vi. in patients with sarcoi- 
dosis. The solid line indicates a visually fitted 
regression line corresponding to a uniform D;,/V1, 
ratio for patients with this disease. 


emphysematous patients and only 4 per cent of 
all other abnormal subjects were definitely ab- 
normal by this parameter. 


Correlation of D, with Arterial Oxygen 
Desaturation on Exercise 


In analyzing the blood gas changes associated 
with a reduced Dz, only the fall in arterial 
oxygen saturation on exertion has been con- 
sidered. It is apparent that there was a definite 
correlation of D; with hypoxemia on exertion; 75 


per cent of subjects with a D, of less than 7.5 
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showed a significant fall in arterial oxygen sat- 
uration, and in 63 per cent there was a fall of 5 
per cent or more. Only 9 per cent of patients 
with diffusing capacities in excess of 22 showed 
a comparable fall in arterial oxygen saturation. 


Reproducibility of the Single-Breath 
Diffusing Capacity Test 


The average discrepancy between successive 
breath-holding diffusing capacity tests was 1.03 
(average deviation from the mean of 0.51 and a 
coefficient of variation between tests of 6 per 
cent). In 6.4 per cent of cases, the difference 
between successive tests was greater than 2.5, 
and in only 1.7 per cent did such values disagree 
by more than 5.0. The test was equally re- 
producible in patients as in the control group, 
even in the presence of emphysema. 


DISCUSSION 


There has been general agreement that the 
diffusing capacity is dependent upon body size 
(4-9). Usually, body surface area has been used 
as an index of body size because of its known 
relationship to oxygen consumption; it has been 
tacitly assumed that D, should be related to the 
latter parameter. However, D, has also been 
shown to be related to height and weight (6, 9). 
The equation relating D; and BSA (Dy, = 15.5 x 
BSA — 4.6) is similar to that of Marks and as- 
sociates (D,/BSA = 16.5) (10), is in reasonable 
agreement with that of Ogilvie and associates (5) 
(Di = 1885 & BSA — 6.8), but is somewhat 
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Fie. 5. Measured minus predicted D;/V, for all patients studied. The number of subjects 
in each diagnostic group is indicated in parentheses following the name of each group. Each 
subject is represented by a single dot, and the average value for each group is indicated by 
a vertical line. Horizontal bars above and below this average line indicate the limit of one 
standard deviation for each group. The vertical broken line indicates the limits of two 
standard deviations for the control group, and therefore, the limits of normal range. *Values 
significantly different from the control group at P < 0.05. **Values significantly different 
from the control group at P < 0.01. 


different from that of MeGrath and Thomson (7) and 28.6, respectively. The lower predicted Dy, 


who found that Dy = 24.25 x BSA — 0.289 x from the present formula may be due to a dif- 
age — 3.4. At the age of forty and with 1.8 M? _ ference in selection of the control group. Control 
BSA, the writers’ equation, Ogilvie’s, and Me- subjects in the present series consisted of patients 


Grath and Thomson’s yield values of 23.3, 27.1, referred for pulmonary function tests who were 
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Fic. 6. Measured minus predicted D,/V_ in patients with vital capacities of 60 to 80 per 
cent. Vertical broken lines indicate average values for each group studied. 


found to have normal cardiopulmonary systems, 
while, in other series, strictly normal persons 
were selected. It is possible that subjects selected 
as strictly normal represent the best physiologic 
status for their size and age rather than an aver- 
age value applicable to a patient population. In 
selected normal subjects used for physiologic 
research in this laboratory, the D,’s have been 
systematically slightly higher than those pre- 
dicted by the present regression formula. How- 
ever, it would seem more reasonable to use values 
obtained in patients with normal lungs as a basis 
for comparison with patients with pulmonary 
disease than to compare the latter with an ideal 
physiologic group. 

It is clear from the present data that pulmonary 
diffusing capacity is age dependent. Although 
some earlier studies found no significant variation 
in Dy, with age, leading to the conclusion that 
resting D, is not age determined (4, 5, 8, 11, 12), 
the age range studied was small and the effects of 
body size were not taken into account. Some other 
recent studies have revealed a definite fall in 
diffusing capacity with advancing years. A fall 
in breath-holding D, of 0.238 per year of age is 
noted in men in this series. Using the same test, 
McGrath and Thomson noted a fall in Dy, of 
0.289 per vear of age (7). With steady-state 
techniques, a significant decrease in D, with age 
has also been reported (13, 14). That the effect of 
age is independent of body size in this series 
becomes apparent when least-squares regression 


lines for various age groups are calculated for Dy 
versus body surface area, A systematic decrease 
in D, with age may be noted at any given body 
size. This effect of age is very likely related to 
degenerative changes in the lungs and pulmonary 
vasculature, changes which would progress at 
quite variable rates in different persons. This 
probably accounts for the wider range of normal 
Dx values in older than in younger subjects in 
this series (see figures 14 and F). Failure to 
recognize the effects of age in some early studies 
could have been due, in part, to case selection, 
“Physiologically young” persons would very 
likely be selected to represent the older age group 
in a study of strictly normal subjects; such 
persons might show only minimal effects of 
aging. 

The prediction formula for single-breath dif- 
fusing capacity in men based on age and body size 
for the present data is Dy, = 15.5 K BSA — 
0.238 « age + 6.8 and is somewhat at variance 
with the formula derived by McGrath and 
Thomson (7), Di = 24.246 X BSA — 0.289 x 
age — 3.4. At the age of fifty-eight and with 
1.5 M? body surface area, these formulas predict 
identical D,’s; but, with larger body size or at a 
younger age, McGrath and Thomson’s formula 
predicts higher diffusion values. This could be 
due, in part, to case selection as discussed above. 

The difference in effect of age on men and on 
women in this series is of interest. Similar data 
for women have not been found in the previous 
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literature with which to compare the present 
results. While men showed a decline in D, of 
(0.238 per year of age, women showed a decline of 
only 0.117, and this difference was statistically 
significant. Whether or not this indicates some 
sex difference in the manner of aging of the lung 
and whether it may be related to the greater 
tendency toward emphysema in the male (and 
is not a peculiarity of case selection) is a matter 
for speculation. However, since the effect of age 
on D,/Vi was not significantly different in men 
and in women, the apparent difference in age 
effect on total D; may have no real meaning. On 
the basis of present data, it would appear neces- 
sary to apply a somewhat different prediction 
formula for D;, in women than in men, that is, 
D, = 15.5 & BSA — 0.117 X age + 0.5. 
Despite accounting for both body size and age, 
control subjects in this series showed a very wide 
scatter of pulmonary diffusing capacity around 
The standard errors of the 


predicted. high 


prediction formulas (+5.0) indicate that as many 


as 5 per cent of normal subjects may have D,’s 
which vary from predicted by more than 10 ce. of 
carbon monoxide per minute per ml. of mercury. 
For small older subjects, normal D,’s range from 
approximately 10 to 30, while in the younger age 
groups and larger subjects, the range is about 20 
to 40. Any test with such a wide physiologic range 
is apt to be difficult to apply in clinical medicine. 
The reasons for this extreme variability are 
probably multiple. The accuracy of the breath- 
holding test in measuring true over-all pulmonary 
diffusion has been questioned. Although available 
evidence suggests that it is reasonably precise in 
normal subjects (4, 15, 16), any maccuracy in 
measurement might increase the variability of 
the test beyond its true physiologic limits. Also, 
breath-holding D; has been found to be de- 
pendent upon metabolic state (4, 17), alveolar 
oxygen tension (18), carbon dioxide 
tension (19), and upon the degree of inflation of 
the lung at the time of breath holding (5, 10, 20, 
21). These factors cannot be completely con- 
trolled in clinical application of the test, con- 
tributing to its variability from subject to 
subject. Finally, any technical errors would add 
to the spread of data, but this factor is probably 


alveolar 


relatively unimportant in view of the reproduci- 
bility of the procedure. 

There is a definite correlation of D;, with lung 
volume (V,) in, the present series, and the con- 
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a characteristic D,/V; value for a 
given age regardless of sex or body size is sug- 
gested. The value D./V_ is especially useful in 
that it may be determined during a single-breath 
D, determination without knowledge of actual 
V., eliminating the need for (and the errors of) a 
residual volume.’ 


cept of 


separate measurement of 
Diffusing capacity per liter of lung volume is 
related directly to Krogh’s “permeability” k 
(7). Since k = In (Faco, Faco,)/t, it is apparent 
that Di /Vi = 1.4 Normal values for k have 
been reported by McGrath and Thomson (7) who 
noted slightly less variability in k than in over-all 
D, in their subjects. In the present series the 
coefficient of variability for D, is 22 per cent and 
for D,./V_ is 21 per cent, compared with values of 
1S and 15 per cent, respectively, in Me irath and 
Thomson’s data. These differences would not 
seem of practical importance. However, the 
value D,/Vi might assume a particular useful- 
ness when applied to abnormal lungs, since a 
fall in D, that accompanied a corresponding fall 
in Vi, Le., no change in the D;./V_ ratio, could 
have a different significance than an equivalent 
fall in D, not associated with as great a Vy, 
alteration. In the latter instance there would be 
a decrease in D,/V,., perhaps indicative of loss 
of membrane area, reduced vascularization, or 
decreased membrane permeability in the remain- 
ing lung. Certainly, a true ‘“alveolar-capillary 
block” should be accompanied by a fall in 
D,/Vi in addition to a decrease in over-all 
diffusing capacity. 

Normal values for D,/V, are noted to be 
definitely age dependent in this series (Di /Vi. = 
6.49 — 0.0298 xX age), although the effect of age 


* Dy may be calculated from the following equa- 
tion when Pb is the millimeter of mercury baromet- 
ric pressure, t is the time of breath holding in min- 
utes, Face, is the alveolar concentration of carbon 
monoxide at the onset of breath holding, and 
Faco, is the alveolar carbon monoxide concentra- 
tion at the end of time t: 


Vi eo) 


Faces 
(Pb — 47)t 


Di In 


F 


If V;, is expressed in liters, and with a Pb of 760 
mm. of mercury, the equation may be written: 


Dr Vi = 1.4 In (Facos F aco,) t. 


Thus, Di/Vi may be determined directly from 
the fractional fall in alveolar carbon monoxide 
per unit time. 
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in the present subjects is somewhat less marked 
than in those reported by MeGrath and Thomson 
(7). Converting the regression equation of those 
writers to D, /Vi versus age, instead of k versus 
age, yields: Dp/Vi = 8.1 — 0.053 x age. At 
seventy years of age, the above formulas predict 
the identical D./V.’s; but, at younger ages, 
D./Vi is predicted higher by McGrath and 
Thomson’s equation than by the one derived in 
this paper. This could be a result of differences in 
case selection. The dependence of D./Vi upon 
age might be regarded as further evidence of 
deterioration in the diffusion function of the lung 
with advancing years. 

It is worth considering how this decrease in 
D./Vi with age might affect other methods for 
determining D,. Since steady-state and re- 
breathing carbon monoxide techniques are 
performed with the lung near its functional 
residual capacity and since this volume is known 
to increase with age, it is possible that the larger 
lungs of older persons might yield a total Dy 
value similar to that of the smaller lungs of 
younger subjects, despite the higher D./Vi 
values in the latter group. Thus, the poorer 
diffusing characteristics of older lungs might be 
masked, at least in part, with either steady-state 
or rebreathing techniques. 

Results in abnormal subjects in this series are 
in accord with previously published results in 
more selected patient material. No attempt will 
be made to review the voluminous literature 
pertaining to pulmonary diffusing capacity in 
disease. The reader is referred to a few recent 
review articles which summarize much of the 
reported data (4, 8, 11). 

The high pulmonary blood flow associated with 
left-to-right congenital shunts produces a high 
pulmonary diffusing capacity (results similar to 
those of other investigators (see 35-37)) and is 
associated with a striking elevation in D;/V,. 

The elevation in D,/Vx in the present small 
series is sufficiently great to suggest that this 
parameter may be of some diagnostic value in 
congenital heart disease; certainly, finding a 
D,/Vi more than 2.2 above predicted in a 
patient with a suspected congenital cardiac lesion 
would strongly suggest the possibility of a left- 
to-right shunt. The only other condition which 


produces a significant elevation in D,/V in this 


series is the post-resection state in patients less 
than fifty years of age. Patients more than sixty- 
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five years of age showed no increase in D;,/V_, 
following pulmonary resection. The apparent 
difference in the effect of pulmonary resection on 
younger and on older subjects may be related to a 
greater distensibility of the pulmonary vessels in 
younger subjects, allowing an increase in D,./Vi, 
when increased blood flow is induced in the re- 
maining lung by excision of part of the pulmonary 
vascular bed. The elevated D./V, noted with 
increased pulmonary blood flow is in accord with 
unpublished data from this laboratory in the 
perfused dog lung, but is not in agreement with 
some other observations. 

Rosenberg Forster noted in- 
dependent effect of flow on Dy, in the perfused 
cat lung. Ross and associates (23) and Turino 
and co-workers (24), on the basis of experiments 
in man, concluded that D, is not blood-flow 
dependent. The true effect of blood flow on 
diffusing capacity would seem to be in doubt at 
the present time. It is possible that the D,/Vi 
increase in young post-resection and congenital 


22) 


cardiac patients is not due to the increase in 
blood flow per se but to an associated alteration 
in pulmonary vascular tone or to an increase in 
pulmonary capillary transmural pressure; the 
latter is known to produce an increase in Dy, 
(22, 25). 

The slight increase in D,/Vy after extensive 
pulmonary resection is not nearly sufficient to 
prevent a marked fall in over-all Dy with the 
loss of lung volume attending this procedure. A 
decrease in diffusing capacity after removal of 
portions of lung has previously been reported 
(26-28), and there appears to be a decrease in 
D,/V in the early postoperative period with a 
later return toward normal (28). From results 
in patients presently reported (who are generally 
studied long after surgery), it would appear that 
D,/Vx eventually rises above preoperative levels 
in younger subjects. 

The fall in total Dy which accompanies the 
post-resection state is roughly equivalent to the 
fall noted in a variety of pulmonary disorders 
studied, especially in patients with comparable 
vital capacities. The spread of data is similar in 
all groups except emphysematous ones. It is not 
possible to separate a group of patients with 
definitely reduced diffusion from another group in 
whom D, is well preserved in any of the diseases 
studied. On the contrary, the D; values noted in 
pulmonary disorders associated with a low vital 
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capacity (VC) are compatible with a random 
reduction of diffusion in all subjects. Certainly, 
some normal D, values are retained, but these 
could represent subjects whose normal D's were 
initially in the high normal range. This observa- 
tion raises some question as to the specificity of 
the “‘alveolar-capillary block’? syndrome and as 
to the ability of the single-breath diffusing 
capacity to delineate the syndrome. Present data 
suggest that loss of diffusion is a general develop- 
ment in pulmonary disease, and the correlation of 
D, loss with vital capacity fall suggests that the 
degree of diffusion abnormality generally par- 
allels the over-all extent of the disease. Of course, 
it is possible to compare subjects whose D_ is 
definitely low from sarcoidosis or diffuse fibrosis 
with other subjects who have similar diseases 
but normal pulmonary diffusing capacities; such 
comparisons might lead to the conclusion that 
there were two phy siologic types of sarcoidosis or 
fibrosis whose average D,’s differed by 12 cc. of 
CO/min./mm. of mercury or more. On the other 
hand, a similar arbitrary separation of groups 
ean be made in the control subjects, and two 
physiologie types of normal lungs can be de- 
scribed. Since data spread in a reasonably normal 
distribution, such a procedure is certainly un- 


justified in normal persons and is probably un- 


justified in pulmonary disease as well. 

Much of the for the concept of 
a distinctive syndrome of “alveolar-capillary 
block” has come from histologic studies revealing 
thickened alveolar septa or thickened alveolar 
linings. In the writers’ experience, such changes, 
although striking, are usually of limited extent 
and alternate with areas of complete loss of 
alveolar structure, ischemia, microscopic atelec- 
tasis, and normal lung. Whether the physio- 
logically important lesion in such lungs is actually 
a “block” between alveolus and capillary has not 
been demonstrated. Certainly, a comparable loss 
of diffusion may be encountered in subjects with- 
out such anatomic changes but with only a loss 


support 


of alveolar-capillary membrane surface (as in the 
post-resection cases) or with only a pulmonary 
ischemia (as in anemia (29)). It seems reasonable, 
therefore, to consider the clinical syndrome of 
“alveolar-capillary block” as the end stage of any 
pulmonary destructive process in which airway 
obstruction or hypoventilation is not a prominent 
feature. The term “block” is very likely a 
misnomer in many of these patients whose 
difficulty would be more appropriately labeled 
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“inadequate functioning pulmonary _ paren- 
chyma.”’ The diagnosis of this syndrome is not 
dependent solely upon the determination of Dy 
for, as noted by Forster (11), the diagnosis may 
be made with “reasonable surety” in the presence 
of a nonobstructive pulmonary insufficiency state 
accompanied by arterial unsaturation on exertion 
when such unsaturation is not due to shunting. 

It is also important to note that there is not a 
clear difference between shunting and diffusion 
loss. If a “block” between alveolus and capillary 
becomes extreme (for example, with complete 
filling of the alveolus), blood flow to that region 
will reach the left heart unchanged by its passage 
through the lung and will produce a physiologic 
pattern resembling an anatomic shunt. Con- 
versely, if a regional bronchial obstruction 
producing a physiologic shunt becomes complete, 
the area of lung supplied by that bronchus be- 
comes useless as a diffusing structure, resulting 
in a lowering of D,. In a “‘pure” defect, cor- 
rection of arterial unsaturation should be 
regularly accomplished by the alveolar oxygen 
tension attained while breathing 30 per cent 
oxygen (30). In the experience of this laboratory, 
complete correction of significant arterial un- 
saturation on exertion on inhalation of 30 per 
cent oxygen is extremely rare, even in the 
presence of the characteristic clinical syndrome of 
“alveolar-capillary block.” Thus, although dif- 
fusion loss may be the predominant physiologic 
abnormality in this syndrome, some degree of 
physiologic or anatomic shunting must generally 
exist. 

There was a definite correlation between D, 
and arterial hypoxemia, but this correlation was 
far from perfect. There were 47 patients in the 
present series without emphysema or anatomic 
shunts in whom a fall in arterial oxygen saturation 
of 5 per cent or more was noted on exertion. All 
of these patients qualified on clinical grounds and 
on pulmonary function tests as examples of 
the “alveolar-capillary block” syndrome. Since 
detailed studies of the oxygen gradient at dif- 
ferent alveolar oxygen tensions were not carried 
out, it is impossible to determine the relative 
importance of physiologic shunting and of dif- 
fusion loss in producing the unsaturation in these 
subjects. However, a few of these patients had 
relatively normal diffusing capacities (as high as 
24), while some showed diffusing capacities as 
low as 5 ce. of CO/min./mm. of mercury. This dis- 
crepancy could be due, in part, to the presence 
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SINGLE-BREATH PULMONARY 
of different amounts of associated physiologic 
shunting or relative hypoventilation, but the 
writers suspect that inaccuracies in the measure- 
ment of over-all D, in these abnormal lungs are 
of major importance. It has been reported that 
gross under- or overestimation of D; may occur 
with the breath-holding technique in abnormal 
lungs (16). The noted correlation of D, and 
arterial unsaturation does not prove the relia- 
bility of the D; measurement, as might be 
assumed. First of all, there are many gross 
individual discrepancies between D, and _ hy- 
poxemia. As important, arterial unsaturation is 
correlated with of pulmonary 
dysfunction. For example, there is a definite 
correlation of fall in arterial oxygen saturation 
and vital capacity. Since D, parallels a decrease 
in other parameters of lung function, 
relation of D, with arterial oxygen 
would be expected, regardless of the ability of Di 
to measure the true diffusing characteristics of 
the abnormal lung. 

The possible inaccuracies in measurement of 
Dx in abnormal lungs do not imply a lack of 
reproducibility of the test. If technical errors are 
minimized and if physiologic parameters can be 
duplicated, successive tests may show excellent 


many indices 


some cor- 


saturation 


agreement even if both values are grossly er- 
roneous. Certainly, the breath-holding pulmonary 
diffusing capacity is highly reproducible on sue- 
cessive tests (coefficient of variation is 6 per cent 
in this series); the results in the present study are 
very similar to those of Ogilvie and associates in 
normal subjects (5), and there was no difference 
between the reproducibility of the test on the 
same day in normal and in abnormal subjects in 
this series. Although the data have not been 
completely analyzed, a greater variability has 
been noted in D, weeks or 
months apart than of values obtained on the 
same day. In normal subjects, the reproducibility 
would still appear relatively good (as also noted 


values obtained 


by Ogilvie and associates); but in some abnormal 
widely 


subjects, especially with emphysema, 
divergent D;, values have been noted on tests 
performed weeks or months apart, even in the 
absence of other significant clinical or physiologic 
change. This could be due to subtle alterations in 
the function of the lung which change the direc- 
tion or magnitude of the error in the D, deter- 
mination. 

The most striking characteristic of the breath- 
holding pulmonary diffusing capacity in this 
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study has proved to be its great physiologic 
variability. This seriously limits its usefulness in 
practical application. If used as a screening test 
for the presence of a pulmonary disorder, normal 
limits would have to be extended so widely as to 
delineate only a minority of abnormal subjects. 
Even with diffuse fibrosis producing a definitely 
reduced vital capacity, less than half the patients 
showed definitely reduced D, . For such patients, 
in the writers’ experience, the vital capacity 
proved a far better indicator of the presence of 
disease. Shepard and Turner (31) noted that the 
vital capacity was the best single test in de- 
lineating a group of subjects with an interstitial 
fibrosis and that additional pulmonary function 
tests did not add significantly to the ability of the 
vital capacity to distinguish normal from abnor- 
mal subjects. The present results are certainly in 
accord with their conclusions as far as the breath- 
holding Dy is concerned. Since there is no 
significant difference between D,’s in any of the 
pulmonary parenchymal diseases when the extent 
of the disease is taken into account, and since the 
overlap of data is enormous, the breath-holding 
Dx would seem to be of no differential diagnostic 
value in these disorders. However, as previously 
noted, it does seem to define a small group of 
congenital cardiac patients with an elevated 
pulmonary blood flow, especially if Di/Vi. is 
taken into account. 

It lias been reported that is a useful 
measurement in differentiating bronchial asthma 
from obstructive emphysema (32) and that, even 
within the emphysematous group, patients with 
pre-existing higher diffusing 
capacities than those in whom bronchitis has not 
been a problem (33). Although there is a clear 
difference of patients with 
emphysema and with asthma in this series, the 


bronchitis have 


between groups 
spread of data is so great as to limit the diagnos- 
tic value of the D, test in an individual patient. 
A distinctly low D, would be strongly sug- 
gestive of frank emphysema, but only 14 per 
cent of emphysematous patients in this series 
showed so marked a loss of diffusion. Even a 
small selected series of well studied patients with 
“pure” emphysema, ie., without significant as- 
sociated bronchitis or bronchospasm, revealed 
only 8 per cent definitely low Dj's, although 
the average Dy, was markedly reduced and 38 
per cent of the tests were in the low normal range. 
In contrast to the findings of Williams and 
Zohman (34), there is a definite correlation be- 


5 
a 
Sa 
= 
P 
4 


802 


tween D_, and ventilatory capacity in emphysema 
in the writers’ experience, despite a considerable 
spread of data. In a group of 60 well studied em- 
physematous patients, there were 29 with max- 
imal breathing capacities of less than 30 liters 
per minute. These patients had an average Dy, of 
16.7, while patients with higher maximal breath- 
ing capacities had an average D, of 22.6. A similar 
correlation of D, with clinical and fluoroscopic 
assessment of the degree of emphysema was 
noted. However, no difference in D; could be 
noted between subjects with or without bron- 
chitis when patients with comparable degrees of 
emphysema were considered. It would be sur- 


prising if there were no correlation whatever 


between ventilatory disturbance and D, impair- 
ment in emphysema, since it might be expected 
that both would more 
impaired as the disease progressed. This does not 
imply that the two functions may not be some- 
what disassociated in certain persons. However, 


parameters become 


in view of the possible gross errors in measure- 
ment of Dy in emphysema (4, 15, 16), caution 
must be used in the interpretation of such data. 

Interpretation of reports on diffusing capacity 
in disease is seriously hampered by the variety 
of methods for its determination. 
techniques are all subject to error in an abnormal 


Since these 
lung and since the direction and magnitude of 
these errors may vary from method to method in 
different diseases (4, 15), it is unreasonable to 
expect results with steady-state or rebreathing 
carbon monoxide techniques to correspond per- 
fectly with those of the breath-holding method. 
This may account for some of the diserepancy 
between the present results and reports of some 
other investigators. It is possible that steady- 
state techniques which measure D, on exertion 
have a higher specificity for disease than the 
single-breath technique at rest. However, on the 
basis of the writers’ experience with the breath- 
holding method, it must be concluded that this 
test is of little practical usefulness in a clinical 
pulmonary laboratory. Its variability is too great 
to justify its use as a screening procedure for the 
presence of pulmonary disease in an individual 
patient, and a decrease in Dy, is too general an 
accompaniment of pulmonary disease to make it 
useful in differential diagnosis. In the writers’ 
experience, decrease in D, generally parallels 
falls in other indices of pulmonary function, and 
individual discrepancies may be explained by the 
wide variability of data. However, a different 
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conclusion may be reached if small, selected 
populations are studied, and especially if the 
effects of age, body size, and lung volume are not 
taken into account. In order to demonstrate a 
unique value of the pulmonary diffusing capacity 
test, it must be shown that there is a significant 
difference between the disease of patients with 
differing diffusing capacities but with the same 
diagnosis, same lung volume loss, and same ven- 
tilatory impairment. Such demonstration requires 
detailed double-blind anatomic-physiologie cor- 
relations; as yet, such studies are not available. 
At the present time, it must be concluded that 
the expense and inconvenience entailed in using 
the breath-holding D, test are not justified solely 
on the basis of the clinical usefulness of the 
procedure. This is not meant to detract from the 
usefulness of the test in teaching or from its 
demonstrated effectiveness as a research tool in 
both normal and abnormal pulmonary physiology, 
nor may one infer from this anything about the 
possible clinical usefulness of other methods for 
determining pulmonary diffusing capacity. 


SUMMARY 


The breath-holding pulmonary diffusing capac- 
ity (D1) was found to be dependent upon body 
size and age in a group of 135 patients without 
significant cardiopulmonary disease. Regression 
formulas for predicting pulmonary diffusing 
capacity have been determined: 


Dy. = 15.5 X body surface are: 


— 0.238 X age + 6.8; 


For men: 


For women: D;, = 15.5 & body surface area 
— 0.117 X age + 0.5. 


The concept of a characteristic pulmonary 
diffusing capacity /lung volume (D,/V1) ratio for 
a given age is suggested, and a regression formula 
applicable to both sexes has been determined: 


D./Vi = 6.49 - 0.0298 x age. 


Even when age, sex, and body size are taken 
into account, there is very marked variability in 
pulmonary diffusing capacity and pulmonary 
diffusing capacity /lung volume from subject to 
subject. This variability could not be accounted 
for by any parameter studied. 

The diffusing capacity results in 555 patients 
are reported. The pulmonary diffusing capacity 
was decreased in all cardiopulmonary disorders 
studied when accompanied by a fall in lung 
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volume, and it was reduced in pulmonary em- 
physema. However, the pulmonary diffusing 
capacity was not appreciably altered in asthma 
or bronchitis without associated emphysema. 

Because of wide variability of data, the use- 
fulness of the breath-holding pulmonary dif- 
fusing capacity test is extremely limited in 
determining the presence of disease or in dif- 
ferential diagnosis. It may have some usefulness 
in distinguishing emphysema from asthma or 
bronchitis, especially if the pulmonary diffusing 
capacity /lung volume is considered, although a 
low breath-holding diffusing capacity certainly 
cannot be considered a necessary criterion for the 
diagnosis of emphysema. 

A high pulmonary blood flow in a young person 
was found to be associated with some increase in 
pulmonary diffusing capacity /lung volume, and 
this test may have a limited usefulness in the 
diagnosis of left-to-right shunt in congenital heart 
disease. 

The 
block” syndrome for 
diseases is questioned, as is the aptness of the 
term “block” for many of the subjects in whom 
this syndrome is diagnosed. The term “‘in- 
adequately functioning pulmonary parenchyma” 
would seem more generally applicable. 

The excellent reproducibility of the breath- 
holding pulmonary diffusing capacity determina- 
tion on successive tests is confirmed. 

A definite correlation between the pulmonary 
diffusing capacity and arterial unsaturation on 
exertion was noted, but many individual dis- 
crepancies occurred. A significant fall in oxygen 
saturation on exertion generally occurred with 
diffusing capacities of less than 8 cc. of carbon 


the “alveolar-capillary 


any particular group of 


specificity of 


monoxide per minute per mm. of mercury. 

The expense and inconvenience of the single- 
breath diffusing capacity test do not seem 
justified solely on the basis of its clinical use- 
fulness, and caution must be exercised in the 
interpretation of breath-holding pulmonary 
diffusing capacity values in the presence of 
extensive pulmonary disease. 


SUMARIO 
Utilidad Clinica de la Prueba de la Capacidad 


Difusora Pulmonar con Una Sola Respiracién 


La capacidad difusora pulmonar, conteniendo 
la respiracién, (D/P) resulté estar atenida al 
tamafio del cuerpo y a la edad en un grupo de 135 
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enfermos sin mayor afeccién cardiopulmonar. Se 
han determinado las férmulas de regresién para 
predecir la capacidad difusora pulmonar: 


Para varones: Dp = 15.5 X drea del cuerpo — 
0.238 X edad + 6.8; 


Para mujeres: Dp = 15.5 X drea del cuerpo — 


0.117 KX edad + 0.5. 


Se sugiere el concepto de una tipica proporcién 
entre la capacidad difusora pulmonar y el volu- 
men pulmonar (Dp/Vp) y se ha determinado una 
formula de regresién aplicable a ambos sexos: 


Dp/Vp = 6.49 — 0.0298 & edad. 


Aun tomando en cuenta edad, sexo y tamafio del 
cuerpo, existe una variabilidad muy notable de 
sujeto en sujeto en la capacidad difusora pulmo- 
nar y la capacidad difusora pulmonar/volumen 
pulmonar. Con ninguno de los pardmetros estudia- 
dos pudo explicarse esta variabilidad. 

Se presentan los resultados del estudio de la 
sapacidad difusora en 555 enfermos. Estaba dis- 
minufda la capacidad difusora pulmonar en todos 
los trastornos cardiopulmonares estudiados si 
ellos iban acompafados de baja del volumen pul- 
monar y estaba reducida en el enfisema pulmonar. 
Sin embargo, no estaba alterada apreciablemente 
en el asma o la bronquitis sin enfisema concomi 
tante. 

Debido a la amplia variabilidad de los datos, es 
sumamente limitada la utilidad de la prueba de la 
capacidad difusora pulmonar, conteniendo el 
aliento, para determinar la existencia de enfer- 
medad o para el diagnéstico diferencial. Puede 
poseer alguna utilidad para diferenciar el enfisema 
del asma o de la bronquitis, sobre todo si se con 
sidera la capacidad difusora pulmonar/volumen 
pulmonar, aunque no cabe considerar una baja 
capacidad difusora conteniendo el aliento como 
pauta necesaria para el diagndéstico de enfisema. 

Se observé que una Corriente alta de sangre pul 
monar en una persona joven iba acompanada de 
algin aumento de la capacidad difusora pulmo- 
nar/volumen pulmonar, y esta prueba tal vez 
posea limitada utilidad en el diagnéstico de des- 
viacién de izquierda a derecha en las cardiopatias 
congénitas. 

Se pone en duda la especificidad del término de 
sindrome de ‘“bloqueo capilar-alveolar’’ para 
ningtin grupo dado de enfermedades, como sucede 
también con la propiedad del término ‘“‘bloqueo”’ 
para muchos de los sujetos en quienes se diagnostica 
este sindrome. El término de ‘‘funcionamiento 
inadecuado del parénquima pulmonar’’ pareceria 
ser mds aplicable generalmente. 

Se confirma la excelente reproducibilidad de la 


re 
2 
a 
] 
; 
4 
‘ 
4 
> 


804 


determinacién de la capacidad difusora pulmonar, 
conteniendo el aliento, en pruebas sucesivas. 

Se noté una correlacién bien definida entre la 
capacidad difusora pulmonar y la insaturacién 
arterial durante el ejercicio, pero hubo muchas 
discrepancias individuales. Por lo general, hubo 
una importante baja de la saturacién de oxigeno 
durante el ejercicio con capacidades difusoras de 
menos de menos de 8 ¢.c. de monéxido de carbono 
por minuto por mm. de mercurio. 

A base exclusivamente de su utilidad clinica, 
no parecen justificados el costo y las inconvenien 
cias que acarrea la prueba de la capacidad difu 
sora en una sola respiracién, y hay que desplegar 
cautela en la interpretacién de los valores de la 
capacidad difusora pulmonar con retencién del 
aliento cuando existe extensa afeccién pulmonar. 


RESUME 


Utilité clinique du test de la capacité de diffusion 


pulmonaire par une ule resptration 


On a trouvé que la capacité pulmonaire de dif 
fusion, (D,), quand le sujet retient sa respiration, 
dépend de la taille du corps, de lage, dans un 
groupe de 135 malades sans maladie cardio-put- 
monaire importante. On a déterminé des formules 
de regression pour prévoir la capacité pulmonaire 
de diffusion: 


pour les hommes: Dy = 15,5 X surface corpo 
relle — 0,238 K Age + 6,8; 
pour les femmes: Dy; = 15,5 X surface corpo 
relle — 0,117 X Age + 0,5 


Le concept du rapport: capacité de diffusion 
pulmonaire caractéristique/volume pulmonaire 
(Di/V.) est proposé pour un Age donné, et une 
formule de regression valable pour les deux sexes 
a été déterminée : 


D,/Vi = 6,49 — 0,0298 Age. 


Méme quand l’fge, le sexe et la taille corporelle 
sont pris en considération, il vy a une variabilité 
nette de la capacité de diffusion pulmonaire et du 
rapport capacité de diffusion pulmonaire/volume 
pulmonaire d’un sujet 4 l’autre. Cette variabilité 
ne peut pas étre considérée par aucune des valeurs 
étudiées. 

Le rapport porte sur les résultats sur la capa 
cité de diffusion de 555 malades. La capacité de 
diffusion pulmonaire fut diminuée dans tous les 
troubles cardiopulmonaires étudiés, lorsqu’ils 
étaient accompagnés d’une chute du volume pul 
monaire, et elle fut diminuée dans l’emphyséme 
pulmonaire. Cependant la capacité de diffusion 
pulmonaire ne fut pas perturbée d’une facon 
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appréciable dans l’asthme ou la bronchite sans 
asthme associé. 

A cause de la grande variabilité des données, 
lutilité du test de la capacité de diffusion pulmo- 
naire est trés limitée pour déterminer la présence 
d’une maladie ou pour faire un diagnostic diffé- 
rentiel. Il peut avoir quelqu’utilité pour différen- 
cier l’emphyséme de l’asthme ou de la bronchite, 
surtout si l’on considére le rapport capacité de 
diffusion pulmonaire/volume pulmonaire, bien 
qu’une faible capacité de diffusion 4 respiration 
retenue ne puisse certainement pas étre considérée 
comme un critére nécessaire dans le diagnostic 
d’emphyséme. 

On trouva chez une jeune personne un débit 
sanguin pulmonaire élevé associé A quelqu’aug- 
mentation du rapport capacité de diffusion pul- 
monaire/volume du poumon et ce test peut avoir 
une utilité limitée dans le diagnostic de shunt 
gauche-droit dans les malformations cardiaques 
congénitales. 

On met en question la spécificité du syndréme 
du “bloe alvéolocapillaire’’ dans n’importe quel 
groupe particulier de maladies, comme est justi- 
fié le terme de “‘bloc’’ pour beaucoup de sujets 
chez qui on a diagnostiqué le syndréme. Le terme 
“fonetionnement inadéquate du  parenchyme 
peut étre appliqué d'une fagon plus 


pulmonaire 
générale, semble-t-il. 

On confirme la reproductibilité excellente de la 
détermination de la capacité de diffusion pulmo- 
naire en retenant la respiration, dans les tests 
successifs. 

On a noté une corrélation nette entre la capa- 
cité de diffusion pulmonaire et la non-saturation 
artérielle en exercice, mais beaucoup d’erreurs 
se produisirent. Une chute importante se pro- 
duisit généralement dans la saturation d’oxygéne 
en exercice, avec des capacités de diffusion de 
moins de 8 ce de monoxyde de carbone par minute 
par mm de mercure. 

La dépense et le désavantage du test de la ca- 
pacité de diffusion par une seule respiration ne 
semblent pas étre basés seulement sur son utilité 
clinique, et on doit étre prudent dans | interpréta- 
tion des valeurs de la capacité de diffusion pul- 
monaire en retenant la respiration, en présence 


d’une maladie étendue du poumon. 
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INTRODUCTION 


Breath-holding diffusing capacity tests have 
been performed routinely by the pulmonary 
of the Suburban Cook 
Hospital-Sanitarium 
hospitalized patients referred pulmonary 
function studies. Results on 221 patients studied 


function laboratory 


County Tuberculosis on 


for 


to date are presented in order to assess the value 


of routine measurements of the diffusing capacity 
in evaluating the pulmonary function of patients 
with tuberculosis and to delineate those factors 
which influence the pulmonary diffusing capacity 
in patients with this disease. 


MATERIALS AND METHODS 


The 221 patients consist of 144 men, ranging in 
age from eighteen to seventy-seven, and 77 women, 
ranging from seventeen to sixty-five. All but 5 
were hospitalized at the time of testing, these 5 
being outpatients who had formerly been hospital- 
ized. This series consists of only those patients 
with diagnoses of tuberculosis. All patients in 
whom this disease was later ruled out have been 
excluded from the report. In most of the patients, 
the diagnoses were proved bacteriologically. How- 
ever, a few cases are included in which tuberculosis 
was diagnosed from the clinical course, roentgen- 
ographie findings, and tuberculin status, although 
no bacteriologic confirmation of the diagnoses was 
obtained. The extent of disease was assessed as fat 
advanced in 52 per cent, moderately advanced in 
35 per cent, and minimal in 13 per cent of the 
patients. All of the patients tested were referred by 
staff physicians to the laboratory for pulmonary 
function tests, and no further selection was made 
for the purpose of this study. The 221 patients 
tested represent about 27 per cent of the hospital- 
ized patient population over a two-year period 
(1959-1960). 

No attempt was made to exclude patients with 
associated diseases or complications. Two patients 
had silicosis; 5, pleural effusions; 30, previous 


‘From the Suburban Cook County Tuberculosis 
Hospital-Sanitarium, Hinsdale, Illinois; and the 
Department of Medicine, University of Chicago, 
Chicago, Illinois. 

* Aided by a research grant from the Illinois 
Tuberculosis Association. 
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thoracic surgery (three or more months before the 
test); 15, asthma or asthmatic bronchitis; 18, a 
diagnosis of pulmonary emphysema; 2, empyema; 
2, bronchopleural fistulas; and 2, bronchogenic 
carcinomas. 

Routine pulmonary function studies were per- 
formed on all of the patients in this report, con- 
sisting of measurements of vital capacity, first- 
second vital capacity, maximal midexpiratory flow 
rate, maximal breathing capacity, residual volume, 
nitrogen washout curve, and carbon monoxide dif- 
fusing capacity (Di). The residual volume was 
determined by a modification of the open-circuit 
method of Darling and co-workers (1), and ven- 
tilatory studies were performed on a standard 13.5- 
liter Collins Respirometer. The diffusing capacity 
was determined by Forster and associates’ modi- 
fication (2) of the single-breath test developed by 
Krogh. These diffusing capacities were compared 
with the values obtained by Burrows and associ- 
ates (3) in a group of normal subjects in order to 
assess the amount of impairment of Dy in the pa- 
tients with tuberculosis. 

An attempt then was made to correlate the 
amount of impairment of diffusing capacity with 
the type and extent of pulmonary disease. Postero- 
anterior roentgenograms of the first 141 
patients were reviewed by three physicians (two 
internists and one roentgenologist) in order to 
assess the extent and type of pulmonary disease. 
Noted particularly were the presence and extent 
of cavitation and cysts; and the disease was classi- 
fied as localized, disseminated, fibrotic, or nodular, 
bilateral, or unilateral. The condition of the pleura, 
diaphragm, lung parenchyma, vasculature, ribs, 
and costophrenic angles was rated on a scale from 
1 to 7 (1 was completely normal and 7 very ex- 
tensively diseased). Also, an over-all general as- 
sessment of the extent of pulmonary disease of 
each of these patients was made, using the same 
scale. Evaluation of the roentgenograms was done 
without knowledge of the results of pulmonary 
function tests. 
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RESULTS 


Least-squares regression lines revealed a defi- 
nite inverse relationship between D, and age, as 
shown in figure 14 and B. The women showed 
only a slight decrease of D, with increasing age— 
much less than the men—but the seatter is wide. 
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This is, in part, the result of wide lung volume 


given age, since lung 
also shows a definite correlation with D, . 


variation at any 


The relationship of carbon monoxide diffusing 
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Fic. 1A (Upper). The relationship between dif- 
fusing capacity (Dz) and age in 77 female patients 
with pulmonary tuberculosis. The least-squares re- 
gression formula is D, 18.95 — 0.0867 age. The 
standard error of estimate is 4.17, and the correla- 
tion coefficient, r 0.232 

Fic. 1B (Lower). The relationship between Dy 
and age in 144 male patients with pulmonary tu- 
berceulosis. The least-squares regression formula is 
D;, = 33.1 — 0.323 x age. The standard error is 5.31, 
und 1 0.608 


volume 
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9 4 5 
Lung volume in liters 
Corrected to ory gas ot stondard femperature & pressure) 
Fic. 2., The relationship between Dz and Vz in 
patients between the ages of thirty and fifty. The 


least-squares regression formula is Di, = 628 4 
3.02 * Vi 


capacity to lung volume (V,) is depicted in fig- 
ure 2, using the thirty- to fifty-year age group. 
This limitation to a twenty-year span minimizes 
the seatter due to the effect of age on D,. It 
may be seen that D, correlates well with V,,, 
but that D, inereases less rapidly than V;,, and 
the least-squares regression line indicates a D, 
of 6.2 at zero V,;. 

In a group of tuberculous patients with wide 
variation in lung volume, a measurement of dif- 
fusing capacity independent of lung volume 
would be useful. The simplest measurement of 
this is the diffusing capacity (in ee. per min. per 
mm. of mercury) divided by the lung volume at 
the time of breath-holding (in liters of dry gas 
at standard temperature and pressure). This 
parameter, which is the diffusing capacity per 
liter of lung volume, hereafter will be called 
D./V:., and while assumed to be independent of 
V., there is a slight tendeney for patients with 
larger lung volumes to have lower D,/V;, values 
(figure 2). The measurement of D,/V, would 
help to determine whether there was impairment 
of the diffusing characteristics of the aerated 
lung tissue such as that from a block to gas 
transfer across the alveolar-capillary membrane. 

The effect of age on D,/V; is shown in figure 
3A and B. The solid, steep line is the least- 
squares regression line for patients. The middle 
broken line is the least-squares regression line for 
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Fic. 3A (Upper). The relationship between diffusing capacity per liter of lung volume 
(D./Vi.) and age in 77 female patients with pulmonary tuberculosis. The solid line is the 
least-squares regression line; its formula is: Di/Vi = 688 — 0.042 < age. The standard error 
is 1.09, and r - 0.407. The middle broken line is the least-squares regression line of normal 
subjects, and the upper and lower broken lines denote two standard deviations from that line. 

Fic. 3B (Lower). The relationship between Dz/Vx and age in 144 male patients with pul- 
monary tuberculosis. The least-squares regression formula is Di/Vi = 7.37 — 0.0694 X age. 
The standard error of estimate is 1.09, and r = —0.629. Patients with clinically diagnosed 
emphysema are designated by a circle. 
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-8.0 


-16.0 


Measured Di minus predicted 
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Measured D; minus predicted D 
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The comparison of measured D, 


Fic. 4 


Vi minus predicted D.i/Vi with measured 


D; minus predicted D, in 221 patients with pulmonary tuberculosis. Plus values represent 
patients with measured and Dy above predicted, and minus values D:/Vi and Dy 
values below predicted. The normal range denotes two standard deviations about the mean 


of normal subjects’ variation from predicted. 


1 


normal subjects,” and the upper and lower 
broken lines mark the normal range into which 


jects fall. It is apparent that most of the values 
for D,.V. in female patients are within the nor- 


V.. measurements of 95° of the normal sub- 


ind the regression line (D,/V;, = 
age) is not significantly different 


mal 
— 


range, 
0.042 
from that of normal subjects. Most of the male 
patients less than forty years of age also have 
values for D,/V; which are within the normal 
range. However, male patients more than fifty 
vears of age tend to have lower D,/V; values 
than normal subjects their age, and the least- 
squares regression line for the men is D,/V, = 
7.37 — 0.0694 x age. This inverse relationship 
between age and D,//V;, is significantly greater 
(P = <0.01 of chance occurrence) in the male 
patients than in normal men. Patients with clini- 
eal and physiologic evidence of pulmonary 
emphysema are designated by a circle in figure 
3B, and it is evident that these patients tend to 
have reduced D,/V; values. 

* The regression formula obtained from normal 


subjects is Di /Vi = 6.49 — 0.0298 * age, and is used 
for both men and women (3) 


A predicted D, and D,/V, for each patient 
was caleulated using the regression formulas of 
normal subjects. The discrepancy between pre- 
dicted and measured D,, and between predicted 
and measured D,/V; for each patient is shown 
in figure 4. The normal limits represent two 
standard deviations from the mean of the nor- 
mal subjects. It is apparent that measured 
values for the majority of patients are below the 
predicted and that some values are below the 
limits of normal. The average discrepancy be- 
tween measured and predicted D, is —6.2 ce. 
per min. per mm. of mercury, and that between 
measured and predicted D,/Vi is —0.63 cc., 
fewer patients showing abnormally low values 
for D,/V; than for total D, . The normal limits 
of variation from predicted D,/V; are +2.24 cc. 
Twenty-two men and one woman have measured 
D,/V:z values which are more than 2.24 ec. below 
their predicted D,/V; values. This group dem- 
onstrates an impairment of diffusing capacity 
out of proportion to the loss of lung volume. 

The review of chest roentgenograms of the 
first 141 patients tested failed to reveal any 
parameters in addition to age, sex, and the pres- 
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ence of pulmonary emphysema which correlated 
significantly with reduced D,/V,. Thus, the 
presence of asthma, previous surgery, reduced 
vital capacity, or bilateral disease did not cor- 
relate at all with D,/V.. There was a slightly 
increased incidence of multiple cysts and of ex- 
tensive cavitation in the group of patients with 
reduced D,/V, and a slightly higher extent-of- 
disease rating, as shown in table 1. Twenty-nine 
per cent of the patients with low D,/V: values 
had cavitation of a lobe or more in extent, 
while only 16 per cent of the patients with 
D,./V;. values close to predicted and 11 per cent 
of the patients with better than predicted 
D./Vi values had such extensive cavitation. 
Multiple cysts also were more prevalent in pa- 
tients with reduced D,/V; measurements. The 
average extent-of-disease rating (on the 1 to 7 
seale) for the patients with low D,/V; values 
was 4.0, whereas it averaged 3.4 for the group 
of patients with normal and above-normal 
D,/Vi values. These relationships, however, 
may merely have represented the presence of 
pulmonary emphysema and its effect on the 
roentgenographie appearance of the lungs. When 
patients with clinical diagnoses of emphysema 
were excluded, no definite differences were noted 


TABLE 1 
ROENTGENYGRAPHIC FINDINGS OBSERVED IN 141 
TvuBercuLous Patients Wuo Were C iassi- 
FiepD in TERMS OF DIFFUSING CAPACITY PER 
Liter or Votume (D,/V,) VALvuEs 

IN THE Low, NORMAL, AND 
Hicu RANGES 
Range 


Nor- 


High* 


Lowt 


Total number of patients ¢ St 


Per cent with far advanced : 48 

disease 
Per cent with bilateral dis- 

ease 
Per cent with cavitation of a 

lobe or more 
Per cent with multiple cysts 0 
Per cent with disseminated 44 48 

disease 

* D,/Vz, more than one standard deviation (1.12 
ec. per min. per mm. Hg) above normal 

t D,/Vz, within one standard deviation of nor- 
mal 

t D,/Vz more than one standard deviation be- 
low normal 


Sil 


between the roentgenograms of patients with 
high, normal, or low D,/V;z values. 


Discussion 


In normal subjects, D./Vz has been found to 
be significantly influenced only by age. Lung 
volume appears to have a slight negative correla- 
tion with D,/Vi in normal subjects, but this 
relationship is so slight and variable that it has 
been ignored in determining the formula for 
predicting D,/V,. Therefore, a uniform D,/V, 
ratio for a given age, regardless of the absolute 
value of V, , has been assumed. Men have higher 
diffusing capacities than women, but D,/V.i 
values of men do not seem to differ significantly 
from those of women subjects. Thus, while D, 
is dependent on age, sex, body surface area, and 
lung size in normal subjects, D./Vi appears to 
be only age dependent (3, 4). 

In patients with tuberculosis these same fac- 
tors influence D, and D,/V,. Although D, is 
substantially reduced in many patients of all 
ages, much of this reduction may be accounted 
for by loss of lung volume rather than by a re- 
duction of D,/V, . Therefore, in these cases the 
measurement of diffusing capacity adds little 
more information to that obtained by V, deter- 
minations alone. However, there are a few pa- 
tients in this study, particularly older men, in 
whom the D,/V, is reduced below normal limits. 

Emphysema, which is known to be associated 
with reduced D, and D,/Vxz (2, 3), is present in 
16 (25 per cent) of the men more than fifty 
years of age in this series, and it is evident from 
figure 3B that emphysema has been clinically 
diagnosed in most of the patients with D,/V; 
values below the limits of normal. In addition, 
there is physiologic evidence that at least 3 of 
the remaining patients with reduced D,/V, 
values may have mild or early emphysema. Thus, 
in this series of 221 patients, as shown in figure 
3A and B, there are only 6 nonemphysematous 
persons with D,/V; measurements which are 
below the limits of normal as they have been 
defined. This frequency is within the expected 
range when the normal limits are set at twice 
the standard deviation. 

Even excluding patients with diagnosed em- 
physema, age has a much greater negative cor- 
relation with D, and D,/V, in the men with 
tuberculosis than in normal males. When the 
Vi regression line is recalculated, excluding 
patients with diagnosed emphysema, it be- 
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comes: D,/V; = 7.19 — 0.062 x age. Although 
this relationship is less abnormal than the re- 
gression line based on the total group of patients, 
it still shows that the average D,/V; of male 
tuberculous patients more than fifty years of age 
is reduced. Attempts to explain this reduction by 
correlating the decreased D,/V, with type or 
extent of disease were not successful. On the 
basis of chest roentgenograms, it was impossible 
to separate with D./Vi_ values 
from those with high values except in a few 


patients low 
patients in whom emphysema was discernible. 
This conelusion after attempts 
were made to estimate the measured D, of each 
of 141 patients by review of their chest roent- 
genograms. Reasonable estimates could be made 


Was reached 


by accounting for the probable age and lung 
volume, as judged roentgenographically. How- 
ever, when an attempt was made to judge if the 
D, would be above or below average for the 
patient’s age, sex, and lung volume, no separa- 
tion of patients with more than average D, 
values from ones with low values could be made 
at greater than chance level. Specific findings 
such as pleural involvement, extent and type of 
parenchymal disease, and previous surgery did 
not correlate at all with the degree of D./V: 
impairment. Thus, it is impossible to define any 
specific roentgenographic pattern besides em- 
physema which tends to be associated with an 
unusually low D,/V,. The subnormal D,/V; 
measurements of older men with tuberculosis 
might be due to the development of subclinical 
and, perhaps, localized emphysematous change 
in response to their infection; at least, no other 
explanation is apparent. 

The failure of extent or type of disease to 
correlate with D,/V; may be attributable to the 
wide variation of this parameter in normal sub- 
jects at any given age. Some of the tuberculous 
patients may have considerably reduced values 
for D,/V, from their pre-disease level, but this 
would not be detectable since normal averages 
have been used for comparison rather than pre- 
disease values. Furthermore, because of the wide 
limits of normal, it is impossible to tell whether 
the presence of pulmonary tuberculosis in older 
men has reduced the D,/V; values slightly in all 
of them, or greatly in some while sparing others. 
Either way, the average D,/V: of the patients 
would be reduced, but the meaning of the D,./V; 
determination in any individual would be ques- 
tionable. 


DIETIKER, LESTER, GOTTLIEB, AND BURROWS 


The lack of correlation of extent or type of 
disease with D,/V; and the minimal decrease in 
D,./V: in the absence of emphysema do not sup- 
port the concept that alveolar-capillary block 
is characteristic of pulmonary tuberculosis. 
tather, the loss of diffusing capacity would seem 
related to loss of functioning lung parenchyma 
with attendant reduction in diffusing surface and 
loss of functioning capillary bed. In this case, it 
is not surprising that resting D, measurements 
fail to yield significant additional information to 
that obtained by ventilatory, nitrogen washout, 
and lung volume measurements. 


SUMMARY 


Pulmonary diffusing capacity (D,) measure- 
ments by the carbon monoxide breath-holding 
technique were performed on 221 patients with 
diagnoses of pulmonary tuberculosis, and the 
results were reviewed in order to assess the effect 
of tuberculosis on pulmonary diffusion. The 
diffusing capacity was found to correlate well 
with lung volume; since many patients had re- 
duced lung volumes, their diffusing capacities 
also were reduced. The diffusing capacity per 
liter of lung volume (D,/V.) of most of the 
patients was within normal limits; the measure- 
ments were usually low in subjects with pul- 
monary emphysema, and male patients more 
than fifty vears of age also tended to have lower 
than predicted values. Other factors, such as 
extent of disease, reduced vital capacity, or 


previous surgery could not be correlated with 
reduction of the diffusing capacity per liter of 
lung volume. It is concluded that routine single- 
breath diffusing capacity determinations in pa- 
tients with pulmonary tuberculosis add little 
useful information to the data obtained from 
ventilatory and nitrogen-washout studies, and 


that “alveolar-capillary block” is not charac- 
teristic of any of the common forms of this dis- 


ease. 
SuMARIO 


Mediciones de la Capacidad Difusora Pulmonar en 
Una Sola Respiracién en Enfermos 
de Tuberculosis Pulmonar 


En 221 enfermos en quienes se habia diagnosti 
cado tuberculosis pulmonar, se ejecutaron medi 
ciones de la capacidad difusora pulmonar (Dp), 
repasdndose el resultado para valorar el efecto de 
la tuberculosis sobre la difusién pulmonar. La 
eapacidad difusora result6 correlacionarse bien 
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con el volumen pulmonar; como muchos enfermos 
tenfan el volumen pulmonar reducido, también 
estaba reducida su capacidad difusora. La capaci- 
dad difusora por litro de volumen pulmonar (Dp/ 
Vp) de la mayoria de los enfermos quedé dentro de 
limites normales; las mediciones fueron por lo 
general bajas en los sujetos que tenfan enfisema 
pulmonar; y los varones de mas de cincuenta afos 
de edad también se inclinaban a mostrar cifras 
mas bajas de las predichas. Otros factores, tales 
como la extensién de la enfermedad, la reduecién 
de la capacidad vital o una operacién anterior, no 
pudieron correlacionarse con la reduccién de la 


capacidad difusora por litro de volumen pulmonar. 
Se deduce que las determinaciones rutineras de la 


capacidad difusora en una sola respiracién en los 
enfermos de tuberculosis pulmonar agregan poca 
informacién Gtil a los 
estudios de la ventilacién y del arrastre de nitré- 


datos obtenidos con los 
geno, y que el “bloqueo capilar-alveolar’’ no es 
tipico de ninguna de las formas comunes de esta 
dolencia. 


RESUME 


Mesures de la capacité de diffusion d'une seule 
respiration chez des malades atteints de 


tuberculose pulmonaire 


On effectua des mesures de la capacité de diffu- 
sion pulmonaire (D,), avee du monoxide de car 
bone, chez 221 malades ayant été diagnostiqués 
tuberculeux pulmonaires, en leur faisant retenir 
leur respiration, et on passa en revue les résultats 
de facon A établir l’effet de la tuberculose sur la 
diffusion pulmonaire. La capacité de diffusion fut, 
trouva-t-on, bien en rapport avee le volume pul- 
monaire; vu que beaucoup de malades avaient des 
volumes pulmonaires diminués leur capacité de 
diffusion fut aussi diminuée. La capacité de diffu- 
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sion par litre de volume pulmonaire (D;,/V,) fut 
dans les limites normales chez la plupart des 
malades; les mesures furent généralement basses 
chez les sujets ayant de l’emphyséme pulmonaire, 
et les malades hommes au-dessus de cinquante ans 
eurent aussi tendance A avoir des valeurs inférieu- 
res 4 celles prévues. D’autres facteurs, tel que 
l’extension de la maladie, une diminution de la 
capacité vitale, ou une opération antérieure ne 
purent pas étre rattachées A la diminution de la 
capacité de diffusion par litre de volume pulmo 
naire. On conclut que les déterminations habi- 
tuelles de la capacité de diffusion par une seule 
respiration, chez des malades ayant une tubereu- 
lose pulmonaire, ajouta peu d'information utile 
aux données obtenues par les études de la ventila- 
tion et de l’expulsion de l’azote, et que “‘le bloc 
alvéolo-capillaire”’ n’est pas caractéristique d’au- 
cune forme de cette maladie. 
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INTRODUCTION 


Pulmonary tuberculosis may result in chronic 
impairment of lung function. This study was 
designed to develop and test a simple bedside 
method for the repeated measurement of the 
carbon monoxide diffusing capacity of the lungs 
in acutely ill, bedridden patients. It is hoped 
that such a method may prove to be a useful 
index of the progress of the disease. This re- 
port describes the method and its reproduc- 
ibility and presents a comparison of estimates 
of abnormality based upon this test and upon 
posteroanterior and lateral roentgenograms of 
the chest. 


MATERIALS AND MeTHODS 


The patients selected for this study were all 
adults with previously untreated tuberculosis who 
were less than fifty-one years old and who had 
no clinical evidence of airway obstruction. Since 
anemia may cause reduction of the dif- 
fusing capacity (1), patients in whom the hema- 
tocrit was less than 32 per cent were arbitrarily 
excluded from this study. 

The diffusing capacity was measured by a 
modification of the breath-holding technique de- 
veloped by Ogilvie and associates (2). A balloon 
filled with 03 per cent carbon monoxide, 4 per 
cent helium, 21 per cent oxygen, and 75 per cent 
nitrogen was brought to the patient’s bedside 
together with rubber bags for collecting expired 
gas, stopwatch, clamps, noseclip, and a 3-way 
stopcock. The sitting patient was asked to empty 
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his lungs completely and then to fill his lungs 
with the carbon monoxide-helium mixture. At the 
start of inspiration the stopwatch was started. 
During the period of breath-holding the patient's 
lips were connected to a 3-way stopcock and, after 
approximately ten seconds, he was instructed to 
breath out as rapidly and as deeply as possible. 
When a small (1-liter) rubber bag on the 3-way 
stopcock was filled, the cock was turned and the 
remainder of the expirate (the alveolar sample) 
was collected in an evacuated rubber bag for sub- 
sequent analysis. The stopwatch was stopped at 
the beginning of the collection of the alveolar 
sample. After a five-minute rest, the test was re- 
peated. If the time of breath-holding was less 
than ten or more than fifteen seconds, the sample 
was discarded and the test repeated. If there was 
evidence of leak of air around the patient’s mouth 
during inspiration or expiration, the gas was also 
discarded and the test repeated. The bags con- 
taining the alveolar samples were then taken to 
the laboratory for analysis of carbon monoxide, 
carbon dioxide, and helium contents, and the 
diffusing capacity was calculated from the con- 
ventional formula (2). The result was expressed 
as percent of normal on the basis of a formula 
derived from measurements of normal subjects in 
this laboratory (Deo = Ht. (CM/100)* x 6). The 
vital capacity was measured at the patient’s bed- 
side and the better of two expirations was used. 
The total lung capacity was assumed to be 1.25 
times the measured vital capacity in the patients 
less than thirty-five and 1.31 times the vital ca- 
pacity in the older patients (3). 

Three observers estimated independently the 
percentage of pulmonary tissue not involved by 
tuberculosis on the posteroanterior and _ lateral 
films of the chest of each patient. This estimation 
was based on the assumption that the right upper 
lobe occupies 20 per cent of the lung; the right 
middle lobe, 10 per cent; the right lower lobe, 25 
per cent; the left upper lobe, 20 per cent; and the 
left lower lobe, 25 per cent. 


As shown in table 1, the three observers in- 
dependently rated the extent of roentgeno- 
graphic involvement in each patient in a simi- 
lar fashion. The Friedman two-way analysis of 
variance test on the ranked involvement for 
each patient yielded a X* value less than one. 
This indicates that no one of the observers 
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DIFFUSING CAPACITY OF LUNG 


IN TUBERCULOSIS 


TABLE 1 
IDENTIFYING Data AND RESULTS OF MEASUREMENTS oF ViTAL Capacity, or Dirrusine 
Capacity, AND OF INTERPRETATIONS OF THE ROENTGENOGRAMS OF 35 PATIENTS 
with TUBERCULOSIS* 


vct 
Per Cent 
‘ormal 


Subject Height 


Edg. 
Lon. 
Doh. 
Ort. 
Mol. 
Wil. 
Orz. 
Hor. 
Mel. 
Als. 
Gri. 
Vac. 
Cla. 
Clan. 
Rod. 
Rus. 
Sed. 
San. 
Bar. 
Edw. 
Mar. 
Her. 
Dyr. 
Jon. 
Vas. 
Rom. 
Joh. 
Doh. P. 
Doh. J. 
Hal. 
Wil. 
Red. 
Bet. 


447s 
~ 


69 
60 
92 
63 
62 
61 
58 
47 
72 
56 


* Vital capacity 
associates (5) 

t Vital capacity 

t Diffusing capacity 


consistently rated the involvement low or high 
(4). Therefore, the arithmetic mean of the 
three estimates was used as the index of the 
percentage of normal lung on the roentgeno- 
gram for each patient. Analysis of the maximal 
deviations from the average for each patient 
revealed no significant differences from zero 
(T = 1.30). The maximal deviation from the 


was expressed as per cent normal on the basis of the formula derived by 


Deot Roentgenograms 


Per Cent 
Normal 


Per Cent Normal 


Mean Range 
Obser- Obser- Obser 


ver I \ver II ver III 


mm. 


65 


~ 


75 


tow 


ow 


53 
68 
75 


61 


tho 


w 


Hepper and 


mean for each patient, regardless of direction, 
averaged 4 per cent. 

As shown in table 1, the technique for meas- 
urement of the diffusing capacity was found to 
yield highly reproducible data for the majority 
of patients. On the average, the first two obser- 
vations on each patient differed by 2.3 ec. per 
min. per mm. of mercury, and the t value for 


815 
45 M 175 40 9 | 7-10! 2 | | 62/70 | 66 
49 M 180 95 29 | 25-33 | 83 m | 73 | 70 72 eee 
' 18 F 160 68 19 | 18-20 76 | 90 | 90 | 90 9 me 
a 29 F 153 87 20 | 17-22/| 2 9 | 8 90 | 90 88 vies 
a 34 175 75 22 | 21-23 69 | 8 | 80 | 75 | 80 Sore 
29 165 80 28 | 27-30 104 85) 85 
50 165 81 21 16-27 78 | 80 | 88 75 | 80 
27 ISI 65 29 28-29 81 | 8 | 8 | 8 | 85 
15 147 70 20-17-24 105 65 | 80) 75 
i 38 180 48 17 17-18 49 | 80 | 75 | 80 78 Sa 
3 26 183 69 24 | 23-25 65 75 | 70 | 75 73 a 
17 167 18 10 88-11 36 55 | 50 | 6256 
36 167 18 7 | 738 23 35 60 50 48 
18 F 147 77 13. 13-18 68 | 45 | 55 | 50 | 5O 
pe: 38 M 180 57 22 | 17-28 63 | 70 | 70 70 70 "eR 
iia: 25 F 153 93 18 | 17-19 86 85 | 75 80 80 Er 
22 F 155 77 13. 13-18 59 | 70 65 70 68 
50 F 155 37 10-11 32,45 45 30 40 Fas 
28 F 165 62 15 15-15 56 80 | 80 80 
_ 27 k 162 79 15 15-15 60 80 | 75 | 80 78 pas 
39 165 67 13 | 11-17) 3 8 | 75 | 73 | 70 | 72 
; 24 N 178 90 23 | 19-27 3 68 70 | 65 | 70 68 ae 
36 F 173 18 | 17-18 58 | 80 | 85 80 82 
: 44 | 183 28 | 26-32 76 | 90 | 92 | 90 91 i 
22 173 20-18-23 64 | 80 | 70 80 77 
23 F 147 58 | 75 78 7 76 = 
16 | M 183 30 30-30 81 | 80 | 84 80 81 
iy 49 M 178 16-15-18 | 47 | 50 | 45 | 25 40 ‘ee 
42 F 175 17 16-19 55 | 62 | 55 | 57 
un 31 M | 173 21 | 21-21 | 65 | 60 75 | 67 oe 
| 21 M | 17 24 | 24-24 | 65 | 72 | 75 | 70 re 
| | M | 1% 12 | 12-12) m@ | 6 | 72 | 70 69 as 
‘ 


WILLIAMS, SERIFF, AKYOL, AND YOO 


80 


% 
NORMAL 


40 


47456] [60473 


X-RAY 
% NORMAL <©0 60-69 70-79 


NUMBER > 7 1 10 


>79 


Fic. 1. Average values for diffusing capacity 
(Deo) and vital capacity in 5 patients in whom 
less than 60 per cent of the lungs was judged to 
be normal roentgenographically, in 7 patients in 
whom 60 to 69 per cent of the lungs was normal, 
in 11 patients in whom 70 to 79 per cent of the 
lungs was normal, and in 10 patients in whom more 
than 79 per cent of the lungs was normal. The re- 
sults of the chi-square tests indicated that there 
was a highly significant association between re- 
duction of the diffusing capacity and the extent of 
roentgenographic involvement, but not between 
reduction of the vital capacity and the extent of 
roentgenographic involvement. 


these differences was less than 1, indicating that 
there was no significant difference between the 
means of the two series. The mean diffusing 
capacity of each patient was calculated from 
the total number of analyses performed; and 
the average deviation from the mean, regard- 
less of sign, for the entire series was only 1.5 
ec. per min. per mm. of mercury. 

The comparison of the measurements of 
diffusing capacity and of vital capacity with 
the roentgenographie findings is shown in fig- 
ure 1. The between 
vital capacity and roentgenographic involve- 
ment was poor. There was a highly significant 


association reduction of 


association between the impairment of diffusion 
and the extent of roentgenographic involve- 
ment, indicating that the patients with the 
greatest amount of roentgenographic involve- 
ment had the greatest reduction of diffusing 
capacity, whereas those with the least amount 
of disease roentgenographically demonstrable had 
the highest diffusing capacities. 


Discussion 


The lack of correlation between the roent- 
genographic evaluations and the measurements 
of vital capacity is not particularly surprising. 
The vital capacity is dependent upon the in- 
tegrity of the thoracic bellows, the chest wall, 
and the diaphragm; upon the ease with which 
the lung is stretched, the compliance; upon the 
amount of lung tissue which can be ventilated; 
and upon the presence of unobstructed airways. 
Although the chest film should provide a re- 
flection of the amount of lung tissue involved 
by tuberculosis, it does not indicate the degree 
to which that tissue can be ventilated, nor does 
it provide information about the other factors 
which influence the vital capacity. Thus, the 
presence of parenchymal disease does not nee- 
essarily imply that ventilation is absent in the 
involved area or that adjacent areas may not be 
stretched abnormally so as to lead to preserva- 
tion of a normal vital capacity. Conversely, the 
absence of parenchymal infiltration does not 
exclude the possibilities of airway obstruction, 
of restrictive pleurisy, or of poor use of the 
thoracic bellows, any one of which would lead 
to reduction of the vital capacity. 

As the diffusing capacity of the lung depends 
upon the area of the pulmonary capillary bed 
as well as upon the thinness of the alveolar- 
capillary membrane, it might be expected that 
the amount of lung tissue involved by tubercu- 
losis would be reflected in the degree to which 
the diffusing capacity was subnormal. In the 
present study, the correlation between impair- 
ment of diffusion and the extent of roentgeno- 
graphic involvement was good, but the amount 
of impairment of diffusion appeared to exceed 
the amount of involvement demonstrated roent- 
genographically. It has long been known that 
pathologic examination generally reveals the 
presence of more tuberculosis than 
is evident on the chest film, and the above data 
may indicate that the level of the diffusing ca- 
pacity is actually a more accurate index of the 
extent of pulmonary tuberculosis than is the 


extensive 


chest roentgenogram. 


SuMMARY 


A method has been described for measuring 
the diffusing capacity of the lung at the bedside 


in patients acutely ill with tuberculosis. The 
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measurement is easy to perform and is highly 
reproducible. The association between impair- 
ment of diffusion and the extent of roentgeno- 
graphic abnormality was good, whereas the 
association between reduction of the vital ca- 
pacity and the extent of roentgenographie ab- 
normality was poor. The data suggest that the 
diffusing capacity may be a more sensitive and 
accurate index of the extent of pathologie in- 
volvement by tuberculosis than the chest film. 


SUMARIO 


La Capacidad Difusora del Pulmén en la 
Tuberculosis Pulmonar Aguda 


Se describe un método para medir la capacidad 
difusiva del pulmén a la cabecera del enfermo en 
sujetos agudamente enfermos de tuberculosis. La 
medicién es facil de ejecutar y sumamente repro- 
ducible. La asociacién entre el menoseabo de la 
difusién y la extensién de la anomalfa radiografica 
fué buena, en tanto que fué mala entre la reduc- 
cién de la capacidad vital y la extensién de la ano- 
malia radiografica. Los datos obtenidos sugieren 
que la capacidad difusiva puede ser un indice mds 
sensible vy exacto que la pelicula tordcica de la ex- 
tensién de la invasién patolégica por la tubercu- 
losis. 

RESUME 
La capacité de diffusion du poumon dans la 
tuberculose pulmonaire aigué 


Les auteurs ont décrit une méthode de mesure 
de la capacité de diffusion du poumon au chevet 
de malades atteints de tuberculose aigué. La me- 
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sure est facile 4 faire et peut étre tout a fait repro- 
duite. Il y eut une bonne corrélation entre la 
diminution de diffusion et l’étendue des anomalies 
radiologiques, alors que la correlation entre la ré- 
duction de la capacité vitale et |’étendue des ano- 
malies radiologiques fut de pauvre qualité. Les 
données font penser que la capacité de diffusion 
peut étre un index plus sensible et plus fidéle de 
l’étendue de l’envahissement pathologique tuber- 
culeux qu’une radiographie thoracique. 
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MULTIPLICATION OF MYCOBACTERIUM TUBERCULOSIS IN THE 
LUNGS AND ITS MODIFICATION BY IMMUNITY 
AND BY ISONIAZID' 


J. M. ROBSON 
(Received for publ 
INTRODUCTION 


It has been shown previously (1) that, when 
WV. tuberculosis is injected into the corneas of 
mice there is, at first, no spread of the infection 


to other organs. After a few months, however, 


systemic spread does oceur, and large tubercu- 


lesions ultimately 
When such mice receive a challenge inoculum of 
M. tuberculosis the other 
eye, there is no multiplication of the organisms, 


lous develop in the lungs. 


into the cornea of 
which is presumably due to the effect of im- 
munity. Nevertheless, organisms in the lungs 
are able to multiply and thus seemingly escape 
the effect of immunity. 

These results strongly suggest that there are 
differences between the effect of immunity in 
the cornea and in the lungs, respectively. For 
this reason it seemed desirable to study the 
multiplication of M. tuberculosis in the lungs 
and the effect of immunity on this. At the same 
time the effect of 
gated, in comparison with a previous quanti- 
tative study on the effect of immunity and of 
isoniazid on the multiplication of M. tubercu- 


losis in the cornea (2). 


isoniazid was also investi- 


MeETHODs 


The infection was initiated by direct inocula- 
tion into the lung, the method being devised in 
order to inject a known number of mycobacteria 
into the organ. This was done as follows: The 
hair was clipped along one side from under the 
armpit to the hip, using a Clukes clipper. The 
area was swabbed with alcohol and, under ether 
anesthesia, an incision was made in the lateral line 
below the armpit. The skin was retracted on both 
sides, the subjacent tissue was then divided and 
similarly retracted. With a good light, a lobe of 
the lung could then clearly be seen between the 
ribs through the intercostal muscles. Using a tu- 
berculin syringe with a fine needle, 0.02 ml. of an 
undiluted culture bovis in 
Dubos medium was injected through the inter- 


of M. tuberculosis var 
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costal muscles into the lung. The skin incision was 
then closed and the mouse was placed in a warm 
box where it rapidly recovered, and the mortality 
rate was low. Control studies with an injection of 
india ink confirmed that the inoculum was con- 
fined to a single lobe of the lung. Although the 
infection thus initiated in one lobe of one 
lung, a preliminary investigation showed that it 
rapidly spread to both lungs; hence, more re- 
liable would be obtamed if counts were 
made in all the lung tissue. Both lungs were there- 
fore removed for counts in all cases. For each 
estimation of both culturable and total counts, 
the mean of the results obtained from the lungs of 
two mice was used. 

At various periods after inoculation the mice 
were killed by breaking the neck, and the whole 
animal was dipped for a few seconds in absolute 
alcohol. The lungs were then removed with asep- 
tie precautions and placed in 2 ml. of a mixture 
of collagenase and hyaluronidase, similar to that 
used by Robson and Smith (3) for the digestion 
of the cornea. After incubation at 37°C. for ap- 
proximately eighteen hours, the tubes were shaken 
for thirty minutes on a microid flask shaker. The 
material so obtained was used for the determina- 
tion of both the total counts and the counts of 
culturable mycobacteria. In order to prevent the 
multiplication of contaminating organisms during 
the digestion procedure, 5 units of penicillin and 
0.01 mg. of chlortetracycline were added to each 
ml. of the collagenase/hyaluronidase solution. 
Control tests have shown that these agents have 
no significant effect on the mycobacteria under 
the conditions of these experiments (4). 

The number of culturable organisms was de- 
termined by the method of O’Hea (5) in which 
Léwenstein-Jensen medium, which contains mal- 
achite green, is used. This seemed desirable in 
order to inhibit the growth of contaminating 
organisms likely to be found in the lungs. This 
method has been compared with that of Knox (6) 
and has been found to give similar counts (4) 
The total number of mycobacteria was then de- 
termined by the method previously described by 
Robson and Smith (3) and Smith (4). 

Mice were vaccinated by the intradermal injec- 
tion of 0.01 ml. of a 10° dilution of a culture of 
M. tuberculosis var. bovis in Dubos medium, as 
previously described by Acharya, Robson, and 
Sullivan (7). 

When mice were treated with isoniazid, this 
was administered in the diet, 0.3 mg. of the drug 
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Fic. 1. Showing the effect of previous vaccination and of isoniazid treatment on the total 
number of mycobacteria in lungs of mice inoculated directly into the lung with a culture of 


M. tuberculosis var. bovis. 


being contained in 5 gm. of Medical Research 
Council diet 41B, which is approximately the 
daily food intake of each mouse. This gives a dose 
of about 15 mg. per kg. 

The experiment was pertormed on 4 groups of 
30 mice each, two of which (Groups 2 and 4) had 
been vaccinated (as described above) one month 
previously. All of these mice were inoculated 
directly in the lung as described above. The groups 
were as follows: 

Group 1. Nonimmunized, untreated (control) 

Group 2. Immunized, untreated (vaccinated) 

Group 3. Nonimmunized, treated with 
niazid from the time of infection until the 
end o! the experiment (isoniazid) 

Group 4. Immunized, treated with isoniazid 
from the time of intrapulmonary challenge 
until the end of the experiment (vaccinated 
and isoniazid). 


1so- 


The results are shown in figures 1 and 2. It 
will be seen that there are no striking differences 
between the four groups studied, with regard 
to both the total and the culturable counts. 
This is very different from the results in the 
cornea, in which large differences between some 
of the groups studied were observed (2). In 
order to detect small differences, the present 
data were analyzed statistically, and the results 
obtained for the total and culturable counts, re- 
spectively, are shown in tables 1 and 2. The 
statistical analyses were carried out on all of 
the values obtained, logarithms (to the base 10) 
being used. Obviously, there are no significant 
differences between the total counts for the 


various groups. However, the culturable counts 
for all three groups receiving some treatment 
were significantly different from those of the 
control. It may thus be coneluded that both 
vaccination and isoniazid (as well as a com- 
bination of the two) produced a decrease in the 


number of culturable mycobacteria in the lungs. 

The results, taken at their face value, appear 
to show that little or no multiplication of the 
mycobacteria occurred in the lungs even in the 


control group, in contrast to the cornea in 
which the number of organisms in the control 
mice increased by at least some fifteen times 
during the first two weeks after inoculation (2). 
It is, however, possible that such multiplication 
did occur in the lungs and was masked by a 
simultaneous clearance of organisms from the 
lungs. In order to examine this possibility, two 
experiments were performed. 


Experiment I: In the first experiment, mice 
were inoculated in the lung and were subjected 
to intensive chemotherapy which would, in all 
probability, prevent any multiplication and thus 
reveal any clearance, should this occur. Twelve 
mice were inoculated directly in the lung with 
0.02 ml. of an undiluted culture of M. tuberculosis 
var. bovis in Dubos medium and treated with a 
combination of streptomycin (200 mg. per kg. per 
day, given in a single subcutaneous injection) and 
isoniazid (3.0 mg. per mouse per day, equivalent 
to about 150 mg. per kg., given in the food). This 
treatment was continued during the whole period 
of investigation. 


The results for total and culturable counts 
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Fic. 2. Showing the effect of previous vaccination and of isoniazid treatment on the number 
of viable mycobacteria in lungs of mice inoculated directly into the lungs with a culture of 


M. tuberculosis var. bovis. 


TABLE 1 
STATISTICAL ANALYSIS OF DaTa SHOWN 
IN Figure 1 


Groups i-value Probability 
0.8 
0.6 
0.3 
0.9 
0.2 
0.4 


1 and 2 0.3145 
1 and 3 0.6276 
l and 4 1.138 
2 and 3 0.2954 
2 and 4 1.494 
3 and 4 0.8590 


TABLE 2 
STATISTICAL ANALYSIS OF DATA SHOWN 
in Figure 2 


Groups t-value Probability 
0.01 
0.001 


0.001 


l and 2 2.818 
1 and 3 990 
l and 4 505 
2 and 3 S12 0.5 
2 and 4 629 0.2 
3 and 4 9435 0.4 


are shown in figure 3. It will be seen that a 
marked fall in the total count occurred during 
the first two days following inoculation, after 


which the count became stable. The count of 


culturable organisms, however, continued to 
fall, showing how much more effective the in- 
tensive chemotherapy was (than a lower dose 
of isoniazid alone, see figure 2) in killing off the 
mvecobacteria. These results do not exclude the 
possibility that the marked fall in total count is 
due to a loss in acid-fast staining, although the 


recent results of Rees and Hart (8) strongly 
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Fic. 3. Showing the fall in the total and cultur- 
able mycobacterial counts which occurs in the 
lungs of mice inoculated directly into the lung 
with M. tuberculosis var. bovis and receiving in- 
tensive chemotherapy. 
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suggest that intensive and prolonged chemo- 
therapy (with isoniazid and pyrazinamide in 
that ease) does not abolish the acid-fast stain- 
ing of M. tuberculosis. 

An additional experiment was performed to 
cheek this point (particularly as the results of 
Rees and Hart (8) were not known to the 
writers at that time). 


Experiment 11: Animals were inoculated with a 
nonmultiplying strain of M. tuberculosis (H37Ra) 
and no treatment was given. In this way it was ex- 
pected that any fall in total count observed would 
be due to clearance of the organisms. Twelve mice 
were inoculated directly in the lung with 0.02 ml. of 
an undiluted culture of M. tuberculosis (H37Ra) 
in Dubos medium, and total counts were per- 
formed. 


The results (figure 4) are in agreement with 
those obtained with the virulent bovine strain 
subjected to intensive chemotherapy in showing 
that a marked fall in total count occurred in 
the lungs during the first two days after inocu- 
lation. There is thus good reason for believing 
than when M. tuberculosis is injected directly 
into the lung, more than 90 per cent of the 
organisms are cleared from this organ within 
the first few days after inoculation. Support for 
the view that marked clearance occurred dur- 
ing that time is provided by the finding of many 
mycobacteria in various organs, namely, liver, 
spleen, and axillary lymph nodes, in the ani- 
mals inoculated in the lung in the main experi- 
ment. Furthermore, mycobacteria were no 
longer found in these various organs at a later 
period, in agreement with the idea that clear- 
ance had then ceased. 

In order to determine whether the pulmonary 
tuberculosis had stimulated “intracorneal” im- 
munity, the remaining mice in each group were 
challenged intracorneally with a 10~ dilution of 
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Fic. 4. Showing the fall in the total mycobac- 
terial count which occurs in the lungs of mice in- 
jected directly into the lung with H37Ra. 
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a culture of M. tuberculosis; at the same time, 
a group of control mice was similarly mocu- 
lated. The latter all developed corneal lesions 
in the expected manner, while no lesions de- 
veloped in any of the four groups of mice that 
had the pulmonary infection. Hence, it is evi- 
dent that immunity, as judged by intracorneal 
challenge, was present in all of the mice with 
pulmonary tuberculosis. 


Discussion 


The main purpose of this investigation was 
to resolve the following paradox: Some months 
after intracorneal inoculation of M. tubercu- 
losis, large lesions tended to develop in the lungs 
of the mice; yet at this time sufficient immunity 
was present to prevent any appreciable myco- 
bacterial multiplication, with the production of 
even the smallest macroscopic lesion, when a 
challenge inoculum was deposited into the other 
cornea (1). This strongly suggests that there 
is some important difference in the effect of 
immunity in the co.:rea and lungs, respectively. 
The results obtained in the present investiga- 
tion do in fact support this hypothesis. In the 
cornea, as shown in previous experiments, im- 
munity caused a rapid decrease in the count of 
culturable tubercle bacilli and ultimately very 
few live organisms could be recovered from that 
tissue (2). In the lungs, on the other hand, the 
fall due to immunity was much smaller and its 
significance only became definite on statistical 
analysis. Moreover, at the end of the experi- 
ment, the number of culturable organisms in 
the lungs of the vaccinated mice was not much 
smaller than that in control animals (see figure 
2). 

There appears to be another difference be- 
tween the results obtained in the cornea and in 
the lungs. In the cornea, rapid multiplication 
of organisms was seen during the first fortnight 
after inoculation, involving both the total and 
culturable counts (2). At first sight, the curves 
(see figures 1 and 2) of the present experiments 
originally suggested that this did not occur in 
the lungs. However, the finding that there was 
a marked clearance of the mycobacteria from 
the lungs immediately after inoculation (see 
figures 3 and 4) shows that this conclusion was 
erroneous and that a good deal of multiplica- 
tion must have occurred in the lungs during 
the first week of infection, thus keeping the 
bacterial population constant. 
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It is interesting that the various treatments 
used had no effect on the total counts in the 
lungs, although they had a significant effect on 
the counts of culturable organisms. As the or- 
ganisms did in fact multiply during the first 
week after infection and did not appreciably in- 
crease in number after this time (as seen by 
the total count), it seems that the treatments 
used had no effect on the disease during the 
first week. This is in contrast to the finding in 
the cornea, in which the same treatments had a 
marked effect on bacterial multiplication dur- 
ing the first week (2). 

After this time, however, treatment must 
have produced some effect in the pulmonary 
tuberculosis, since the culturable counts for 
the lungs were lower in all three treated groups 
than in the controls. It thus appears that in 
tuberculous infection of the mouse lungs, treat- 
ment takes effect only after a latent period 
of some days. This is indeed in keeping with 
the results of Niffeneger and Youmans (9) who 
found that, when mice were vaccinated with 
BCG and subsequently challenged with H37Rv, 
multiplication of the mycobacteria in the lungs 


proceeded as in control animals for at least a 


week, after which the multiplication was 
checked by the effect of immunity. Similarly, 
Walter and associates (10) found that the effect 
of isoniazid in tuberculosis in mice took effect 
only after a latent period of about a week, as 
shown by both the culturable counts (whole 
body homogenates) and by the body weight of 
mice infected with H37Rv. 

The infection studied here was obviously 
chronic rather than acute, since no mice died 
during the experiment. It is interesting in this 
connection that Hart and Rees (11) found that 
the total and viable counts remained stable in a 
chronic lung infection in mice produced by 
inoculation with H37Rv. Moreover, they also 
showed that macrocyclon had no effect on such 
an infection, whereas, in an acute infection, the 
drug slowed down the m«iltiplication of the my- 
cobacteria in the lungs and prevented the early 
fatal outcome seen in untreated animals. It is 
well known that actively multiplying organisms 
are particularly susceptible to adverse condi- 
tions (12) and also that isoniazid is relatively 
ineffective for mycobacteria in the resting 
stage (13). 

Thus it seems that the relatively small effects 
produced by immunization, drug treatment, 


ROBSON AND SMITH 


and a combination of the two on the disease in 
the lung may merely reflect its chronic nature, 
though it is puzzling also that the immunity so 
produced was sufficient to prevent any bac- 
terial multiplication in an inoculum injected 
into the cornea, i.e., when these mice were in- 
oculated intracorneally at the end of the ex- 
periment. 

Finally, these results do show that the action 
of immunity in the cornea and lungs differs in 
the important respect that in the one tissue 
there is a marked bactericidal effect which is 
not observed in the other. The cause of this 
difference is at present unknown, but it may 
well be one of the important factors explaining 
the different course of tuberculosis in different 
organs of the body. 


SUMMARY 


The multiplication of M. tuberculosis var. 
bovis in the lungs of mice was determined by 
counting the total number and the number of 
culturable tubercle bacilli released by enzy- 
matic digestion of the lungs. The effect of im- 
munity, isoniazid treatment, and a combination 
of the two was studied. 

In all groups the total bacterial population 
showed no great change throughout the experi- 
ment. However, it was shown that more than 
90 per cent of the bacteria were cleared from 
the lungs during the first few days after inocu- 
lation; hence, multiplication, which made up 
the loss, must have taken place. 

Vaccination, isoniazid (15 mg. per kg.), and 
a combination of both thus had no effect on the 
total bacterial population. These treatments 
did, however, have a significant effect on the 
counts of culturable organisms. 

It is concluded that the various treatments 
have no effect on the early stages of the disease, 
but subsequently produce a decrease in the 
number of living mycobacteria in the lungs. 

These results are compared with those 
tained previously in tuberculosis produced ex- 
perimentally in the cornea, in which immunity 
had a much more rapid and striking effect. 
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SUMARIO 


La Multiplicacién del Mycobacterium Tuberculosis 
en los Pulmones y Su Modificacién por la 
Inmunidad y por la Isoniacida 


Se determiné la multiplicacién del M. tubercu- 
losis var. bovis en los pulmones de ratones obten 
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iendo numeraciones totales y culturables en las 
bacterias liberadas por la digestién encimatica de 
los pulmones. Se estudié también el efecto de la 
inmunidad, la isoniacidoterapia y una combinacién 
de ambas. 

En ninguno de los grupos, mostré la poblacién 
bacteriana total mayor alteracién durante el tra- 
tamiento. No obstante, se observé que mas de 90 
por ciento de las bacterias fué eliminado de los 
pulmones durante los primeros dias consecutivos a 
la inoculacién; a partir de ahi, debe haber tenido 
lugar multiplicacién, que compens6é la pérdida. 

La vacunacién, la isoniacida (15 mg. por kg. de 
peso) y una combinacién de ambas no habfan, 
pues, ejercido efecto sobre la poblacién bacteriana 
total; esos tratamientos ejercieron si efecto im- 
portante sobre la numeracién de bacterias cultur- 
ables. 

Se deduce que los varios tratamientos no ejercen 
efecto sobre los periodos tempranos de la enferme- 
dad, pero mas tarde producen una disminucién en 
el ndmero de bacterias vivas en el pulmén. 

Se comparan estos resultados con los obtenidos 
anteriormente en la tuberculosis producida ex 
perimentalmente en la eérnea, en la que la inmuni- 
dad ejercié un efecto mucho mas rapido y notable. 


RESUME 


Multiplication de Mycobacterium tuberculosis dans 
les poumons et sa modification par 


Vimmunité et Visoniazide 


On détermina la multiplication de M. tubercu- 
losis, var. bovis, dans les poumons de souris en 
obtenant les comptes totaux et cultivables des bae- 
téries libérées par la digestion enzymatique des 
poumons. On étudia l’effet de lVimmunité, du 
traitement par l’isoniazide et par l'association 
des deux. 

Dans tous les groupes, la population totale bac 
térienne ne montra pas de grand changement pen 
dant |’expérimentation. Cependant, on démontra 
que plus de 90°% des bactéries furent éliminées des 
poumons pendant les quelques premiers jours 
aprés inoculation; par conséquent, une multipli 
cation, pour compenser la perte, a du avoir lieu. 

La vaccination, lisoniazide (15 mg par kg) et 
une association des deux n’eurent ainsi pas d’effet 
sur la population totale bactérienne; ces traite 
ments eurent certes cependant un effet important 
sur les comptes cultivables. 

On conclut que les divers traitements n’eurent 


pas d’effet sur les stades précoces de la maladie, 


mais produisirent par la suite une diminution du 
nombre des mycobactéries vivant dans les pou 
mons. 

Ces 


antérieurement 


comparés & ceux obtenus 


la tuberculose provoquée 


résultats sont 
dans 


expérimentalement dans la cornée, dans laquelle 
limmunité eut un effet beaucoup plus rapide et 
plus frappant. 
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INTERMITTENT ISONIAZID THERAPY FOR MICE’. 
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INTRODUCTION 


It is generally recognized that mass treat- 
ment schemes in tuberculosis campaigns will 
have to make use of ambulatory chemotherapy. 
This is especially true in areas with large num- 
bers of untreated patients and inadequate hos- 
pital facilities. A reeent study from the Tu- 
berculosis Chemotherapy Centre in Madras, 
India (1), showed that the therapeutic results 
obtained in two carefully controlled compara- 
ble groups of patients were equally good in hos- 
pitalized and in nonhospitalized subjects. One 
of the difficulties encountered in implementing 
home-treatment schemes successfully is the fact 
that there is no reliance on the regularity with 
which patients are taking their drugs. It would 
therefore be advantageous if regimens could be 
devised which would permit drug intake at less 
frequent intervals without affecting the thera- 
peutic results. For example, if drugs taken only 
once a week were equally effective as when 
taken three times a day, it might be possible 
to supervise the patients’ weekly drug intake 
and thus ensure regular regimens in ambulatory 
patients. 

With this practical approach in mind, the 
following animal experiments were undertaken. 
As will be shown, intermittent treatment with 
isoniazid was comparable in its effects to con- 
tinuous regimens. It is recognized that results 
obtained in mice cannot readily be transferred 
to human patients. The answer to whether there 
is useful information to be gained from these 
experiments must come from clinical trials, but 
it is hoped that the present results may be re- 


MATERIALS AND METHODS 


Animals: Male CF; , mice, weighing between 20 
and 25 gm. at the onset of the experiment, were 
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Basle, 


garded as sufficiently encouraging to stimulate 
similar work in patients. 

obtained from Carworth Farms, New City, New 
York. They were kept in groups of 10 and fed a 
powdered pellet diet and water ad libitum. The 
powdered diet was given in compartmentalized 
spill-proof feeders. All animals were weighed 
twice weekly in groups. 

Infection: Mice were infected intravenously 
with bacteria from 2-week-old cultures of M. tu- 
berculosis, strain Ravenel, propagated in liquid 
Tween®-albumin (2). The standard infective dose 
consisted of 02 ml. of a culture adjusted to an 
optical density of 0.1, as measured in a Coleman 
Junior spectrophotometer at \ = 550. Such sus- 
pensions contained approximately 4 10° viable 
units per ml. After infection, the mice were ran- 
domly distributed in experimental groups. The 
average survival time of untreated mice infected 
with this dose of bacilli was seventeen to twenty 
days. 

Chemotherapy: Only isoniazid was used. The 
mice were either fed isoniazid with a stomach 
tube, the desired amount of drug being dissolved 
in 0.2 ml. of water, or isoniazid was mixed with the 
powdered diet and the medicated diets were put 
into and removed from the cages at fixed hours of 
the day. The daily food intake of a healthy mouse 
was about 4 gm. 

Bacterial cultures from organs: Three randomly 
selected mice from a group were sacrificed at in- 
tervals as indicated, and lungs and spleens were 
removed under aseptic conditions. The organs 
were ground with a Teflon grinder in Pyrex glass 
tubes (3). Each organ was homogenized in 10 ml. 
of saline, containing 0.05 per cent bovine serum 
albumin and 1,000 units of penicillin per ml. The 
homogenate was incubated for two hours at 37°C., 
a treatment which killed most contaminants with- 
out affecting the tubercle bacilli. After incubation, 
serial tenfold dilutions were made in saline/al- 
bumin (without penicillin). From each dilution 
tube, Léwenstein-Jensen plates in 50-mm. Petri 
dishes were inoculated in triplicate with 05 ml. of 
suspension each. The colonies were counted after 
4 weeks’ incubation at 37°C. The dilutions yield- 
ing between 9 and 90 colonies per plate were 
taken to calculate the total number of viable 
units per organ. Thus, the average values for 
each point given in the protocols below were ob- 
tained from a total of 9 plates (triplicate platings 
of one dilution step for one organ each from 3 
mice). Since each organ was homogenized in 10 
ml. of diluent and 05 ml. of this homogenate was 
plated out, the theoretic limit of sensitivity of the 
method was 20 viable bacterial units per organ. 

Drug-susceptibility testing: Isoniazid resistance 
was measured by the indirect method, using 
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Léwenstein-Jensen slants containing isoniazid in 
the following concentrations: 0.1, 05, 1.0, 5.0, 10.0, 
50.0, 100.0 y per ml. After four and six weeks’ in- 
cubation, the tubes were inspected and the low- 
est concentration of isoniazid which inhibited 
growth completely was determined. The colonies 
were counted when there were fewer than 20 on a 
slant. When growth was more abundant, its in- 
tensity was estimated and recorded as + to +++. 
All determinations were done in duplicate. In 
some experiments, the emergence of drug resist- 
ance was also followed by the method of Tirun- 
arayanan and Vischer (4). 

The presence of catalase activity was estimated 
in aliquots of the same bacterial suspensions 
which served to inoculate the isoniazid-containing 
tubes. Using Wassermann tubes, 0.25 ml. of a 30 
per cent hydrogen peroxide solution and 0.25 ml. 
of a 10 per cent solution of Tween 80 in water 
were mixed with 0.5 ml. of the bacterial suspen- 
sion and left at room temperature for a few 
minutes. Presently, the tubes containing catalase- 
positive organisms showed a high “collar” of foam 
which was absent in tubes with catalase-negative 
organisms. The intensity of the oxygen produc- 
tion was estimated in an arbitrary scale ranging 
from 0 to +++. 

Determination of isoniazid concentrations in 
mouse serum: Drug concentrations in mouse 
serum were determined biologically. Mice were 
bled from the retro-orbital plexus, the blood from 
3 to 5 animals was pooled, and the serum was 
separated, inactivated, and filtered through milli- 
pore filters. Serial dilutions of these serum speci- 
mens were made in saline, and 0.1 ml. of the serum 
dilutions was added to tubes containing 1.0 ml. of 
oleie-acid-albumin medium (2). The tubes were 
inoculated with 1 drop from a calibrated Pasteur 
pipette of a 1:10 dilution of a 2-week-old culture 
of M. tuberculosis, strain Ravenel, in Tween al- 
bumin medium. Visible growth was recorded and 
inspected microscopically after three, five, and 
seven days. Isoniazid was titrated at the same 
time in comparable growth tubes. Control ex- 
periments showed that the effect of isoniazid was 
uninfluenced by the presence of mouse serum in 
any concentration up to 10 per cent, which was 
the highest serum concentration used in this test- 
ing procedure. Five-hundredths of a microgram of 
isoniazid per ml. gave complete growth inhibition 
under these conditions. The amount of active 
isoniazid in the serum was calculated from the 
isoniazid titration carried out at the same time. 


RESULTS 


Experiment 1: Eighty-four mice were infected 
with a standard dose of M. tuberculosis, strain 
Ravenel. Four days after infection, they were 
randomly distributed in seven groups of 12 mice 
each and treated as follows: 

Group I received 0.1 per cent of isoniazid in 
the diet for 21 consecutive days. 

Group II received 0.01 per cent of isoniazid in 
the diet for 21 consecutive days. 

Group III received 0.01 per cent of isoniazid in 
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the diet on alternating days for a total of 21 days. 
Thus, during 3 weeks, these mice were alternat- 
ingly on and off isoniazid for 24-hour periods. 

Group IV received 0.1 per cent of isoniazid in 
the diet twice a week (Mondays and Thursdays) 
for 24 hours for 3 weeks. Thus, these mice were 
given isoniazid in their diet for a total of 6 X 24 
hours. 

Group V received 0.01 per cent of isoniazid in 
the diet for 2 consecutive days (Mondays and 
Tuesdays) each week during 3 weeks. The mice 
were thus given isoniazid for a total of 3 xX 48 
hours. 

Group VI received 0.1 per cent of isoniazid in 
their diet for one day each week (Mondays) for 
3 weeks. Thus, these mice had isoniazid for a 
total of 3 < 24 hours. 

Group VII received no isoniazid. 

On the twenty-fifth day after infection, ie. 3 
weeks after the first day of treatment, all mice 
were put on a standard nonmedicated pellet diet. 
The days of death were recorded and all dead 
mice were autopsied to ascertain the presence of 
tuberculous lesions. The experiment was discon- 
tinued 158 days after infection. 


The survival of these mice is shown in figure 
1. As seen from this figure, there was a fair, al- 
though not complete correlation between the 
total intake of isoniazid during the three weeks 
following the fourth day after infection and 
the survival of the mice. In mice, the length of 
survival after tuberculous infection is a direct 
function of the number of infecting organisms 
(6). It may therefore be concluded that, with 
each of the various drug regimens, a certain 
proportion of the injected microorganisms was 
destroyed by isoniazid and that the length of 
survival subsequent to the cessation of therapy 
was proportional to the number of the sur- 
viving bacteria. 

An approximate impression of the bactericidal 
effectiveness of the drug action is given in figure 
2. It illustrates the results of an experiment in 
which a group of 10 mice received the standard 
dose of tubercle bacilli, a second group one half 
of this dose, and a third, one fourth of it. By ex- 
trapolation, it may be concluded that, in Experi- 
ment 1, even the weakest dose of isoniazid must 
have reduced the number of viable tubercle ba- 
cilli to approximately 20 per cent of the original 
inoculum. Experiment 1 was discontinued after 
158 days when its trend became clear: The mice 
of Groups IT to V lost weight and were probably 
going to die. On the other hand, no weight loss 
had yet occurred in Group I. The average 
weight of these animals climbed steadily from 
an average of 20.8 gm. at the beginning of the 
experiment to 30.2 gm. at the end. At autopsy, 
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Days After Infection 


Fie. 1. The survival of tuberculosus mice after cessation for 3 weeks of various regimens of 


isoniazid. (See text for details.) 


the sacrificed mice showed very extensive pul- 
monary disease with pneumonic consolidation, 


as is characteristically seen in chronic murine 
tuberculosis. No gross differences could be seen 
between the survivors of any of the groups, ex- 
cept for 3 mice in Group I which had dis- 
tinctly smaller lesions and more remaining nor- 
mal lung tissue than the rest of the animals in 
this and other groups. 


Experiment 2: One hundred and sixty-six mice 
were infected with a standard dose of M. tubercu- 
Ravenel. Four days later, they were 


losis, strain 


randomly distributed in cages and divided into‘ 


four experimental groups. Except for one group of 
10 mice which served as infection controls, the re- 
maining three groups of 52 mice each (labeled A, 
B, and C) were now given 0.05 per cent of iso- 
niaz'' in the diet for 7 days. After this initial 
period of uninterrupted chemotherapy, the three 
groups were treated as follows: Group A remained 
on an uninterrupted regimen of 0.05 per cent of 
isoniazid in the diet, Group B was given isoniazid 
only once a week (Mondays) for 24 hours, Group 
C received isoniazid 2 24 hours a week (Mon- 
davs and Thursdays). Beginning two weeks after 
infection, 3 randomly selected mice of each of 
the three groups were sacrificed every Monday 
and Thursday and bacterial counts were made 
from their lungs and spleens. Ten randomly 
selected mice of each of the three groups served 
as survival controls. Thus, during 7 weeks follow- 
ing the initial chemotherapy period, organ cul- 
tures were made a total of fourteen times from 3 


mice each of each group, while 10 mice from each 
group were continued on the respective drug 
regimens throughout the observation period. 


Twelve weeks after infection, the mice of the 
three control groups still gained weight stead- 
ily. As seen in table 1, the mice which were on 
continuous isoniazid gained less weight than 
those that received intermittent medication. In 
order to ascertain that this was not necessarily 
the expression of a toxie effect of isoniazid, nor- 
mal mice were kept on 0.05 per cent of isoniazid 
for the same length of time and their weights 
recorded. In these animals, isoniazid had no 
depressing effect on the body weight. 

After all 156 experimental mice had been 
sacrificed, it was decided to use the remaining 
30 survival controls for organ cultures, too. 
Two mice of each group were sacrificed at 
weekly intervals, thus extending the observa- 
tion period another five weeks. All nontreated 
infection controls had died as expected (mean 
survival: 19 days; range: 16-21 days). The re- 
sults of the bacterial counts from lungs and 
spleens of the three chemotherapy groups are 
summarized in figures 3 and 4. Each point in 
these figures corresponds to the mean of the 
logs of the viable counts obtained from 9 plates 
(triplicate determinations from three 
each time). 
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INTERMITTENT ISONIAZID THERAPY 


PER CENT SURVIVORS 


DAYS AFTER INFECTION 


Fic. 2. The survival of mice infected with a 
standard dose of M. tuberculosis, strain Ravenel 
(ST), one half the standard dose (% ST), and 
one fourth of the standard dose (% ST). 


It is evident from figures 3 and 4 that there 
were differences in the bacterial numbers found 
in the organs of the mice of the three groups. In 
the lungs, Group A, which was on a continuous 
isoniazid regimen, showed a decline of bacterial 
numbers extending over the entire observation 
period of 103 days, i.e., 117 days after infection. 
This decline was most conspicuous during the 
first 52 days of treatment and leveled off in the 
second half of the observation period. In Groups 
B and C, which received isoniazid twice or once 
a week, respectively, the bacterial numbers re- 
mained constant throughout the entire obser- 
vation time. 

In the spleens, all three groups showed a 
steady decline in bacterial numbers throughout 
the duration of the experiment. Again, the mice 
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that received isoniazid continuously showed the 
lowest figure (about 30 viable units per organ), 
but it was only slightly lower than the values 
found in the spleens of mice receiving isoniazid 
only once a week for 24 hours, i.e., one seventh 
of the dose received by Group A. 

It must be remembered in this connection 
that, at the time the mice were put on the 
three different drug regimens, all animals had 
been under continuous treatment for 7 days. 
Therefore, the differences in the one-day values 
reflect merely the variation between individual 
animals as they also appear from the data in 
figures 3 and 4. These inter-animal variations 
reflect true differences between animals and are 
not due to sampling or experimental errors. In- 
tra-animal variations were consistently very 
small. 

Resistance to isoniazid and the presence of 
catalase activity were determined in randomly 
selected samples from each of the cultures rep- 
resented in figures 3 and 4. The results of these 
tests are tabulated in table 2. It may be seen 
that isoniazid resistance developed in all three 
groups but that it occurred later and at a 
slower rate in animals receiving intermittent 
treatment than in mice which were fed iso- 
niazid continuously. There was good correlation 
in all instances between the increase in drug 
resistance and the reduction of catalase activity. 


Experiment 3: In Experiment 3, an attempt 


TABLE 1 


AVERAGE Bopy WeiIGuTs or UNDER THE 
INFLUENCE OF ISONIAZID 


Average 
Initial Body 
Average Weight 
ody 13 Weeks 
Weight after 
Infection 


Group Drug Regimen 


.05°% Isoniazid con- 
tinuously 
.05°) Isoniazid twice 
a week 
.05% Isoniazid once 
a week 
0.05% Isoniazid con- 22.8  30.0* 
tinuously 
No isoniazid 23.3 


Controls 
Controls 31.8* 


* These groups were not infected, but were 
kept for 13 weeks under comparable conditions. 
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DAYS AFTER INFECTION 


Fic. 3. Ordinate: Logs of the geometric means of the numbers of bacteria cultured from 
lungs of tuberculous mice. After an initial period of continuous therapy, the mice in Group 
A received isoniazid uninterruptedly ; Group B received isoniazid once a week for 24 hours; 
Group C received isoniazid twice a week for 24 hours. The horizontal broken line indicates the 
limit of sensitivity of the method (20 viable bacterial units per organ). The arrowed symbols 
below this line indicate that the mean counts in these instances were below 20 viable bacterial 
units. The vertical arrow in the upper left corner indicates the day of infection, the horizontal 
double arrow, the period at which all mice received continuous isoniazid treatment. 
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DAYS AFTER INFECTION 


Fic. 4. Ordinate: Logs of the geometric means of the numbers of bacteria cultured from 
spleens of tuberculous mice. After an initial period of continuous therapy, the mice in Group 
A received isoniazid uninterruptedly ; Group B received isoniazid once a week for 24 hours; 
Group C received isoniazid twice a week for 24 hours. The horizontal broken line indicates 
the limit of sensitivity of the method (20 viable bacterial units per organ). The arrowed 
symbols below this line indicate that the mean counts in these instances were below 20 
viable bacterial units. The vertical arrow in the upper left corner indicates the day of in- 
fection; the horizontal double arrow, the period at which all mice received continuous iso- 
niazid treatment. 
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was made to compare continuous and intermit- 
tent (24 hours once a week) treatment without a 
preceding period of continuous treatment for all 
groups, various intervals of time elapsing between 
infection and the beginning of treatment. Three 
days later, 70 mice were infected and subdivided 
into seven groups of 10 each. Treatment with 0.05 
per cent of isoniazid in the diet was started 3, 6, 
and 10 days after infection. On these days, two 
groups of 10 mice each were started on a continu- 
ous and a once-a-week isoniazid regimen and kept 
on these schedules throughout the experiment 


shown in table 3. The average weights of the 
survivors are seen in figure 5. It may be noted 
that there was no significant difference between 
the effects of continuous treatment in the two 
groups of mice when medication began 3 and 6 
days after infection. This seems remarkable in 
view of the fact that, in this experiment, the 
median survival time of the untreated controls 
was only 18 days. When treatment was begun 
only 10 days after infection, however, the inter- 


The survival of the mice in Experiment 3 
over an observation period of 116 days is 


mittent treatment was clearly inferior to the 
continuous regimen, and a number of mice 
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TABLE 2 
Isonrazip Resistance oF TuBERCLE CULTURED FROM THE 
Lunos or Mice 1n Experiment 2 


Isoniazid Concentration in the Medium (y/ml. 


Days after 


Group Infection 


++ 


+++ 
+++ 
+++ 


+++ 
+++ 


A 2 
B +++ 
+++ 


++ + 
19 q 0 0 
++ 4 0 


* The figures or symbols indicate the average number of colonies grown on these media. The colonies 
were counted up to 20 per slant, and the growth intensity estimated as + to +++ when the number 


of colonies exceeded 20. 


could not be saved with the once-a-week regi- 
men of isoniazid. Those who survived recovered 


and seemed to do about as well as the other 
groups (see weight curves, figure 5). 

These observations suggested that, with very 
severe infections, an initial period of intensive 
continuous treatment Was necessary to suppress 
the number of viable bacteria to a sufficiently 
low level when it could then be controlled with 
intermittent therapy. In the following experi- 
ment this problem was studied further, using 
also smaller doses of isoniazid. 


Experiment 4: One hundred and forty mice 
were infected with the standard dose of M. tuber- 
culosis, strain Ravenel, and randomly distributed 
in seven cages of 20 mice each 6 days later. Six 
groups were then given 0.05 per cent of isoniazid 
in the diet for 7 days, and from then on were 
treated as described in table 4. 


With the highest dose of isoniazid (0.1 per 
cent), there appeared to be no difference be- 
tween continuous and intermittent regimens as 
judged from survival of these animals. Thus, an 
initial one-week period of intensive treatment 
reduced the number of bacteria sufficiently so 
that an intermittent drug regimen seemed to 
be able to control the disease from there on. 
However, when the concentration ‘of isoniazid 
in the food was lowered to 0.05 or 0.01 per cent, 


the intermittent regimens were inferior to the 
continuous medication. 

Drug resistance was not tested in these mice, 
but it is likely that the late survivors had tu- 
bercle bacilli highly resistant to isoniazid which 
would make the observed differences in the re- 
sponse to higher and lower drug concentrations 
understandable. The experiment was discontin- 
ued 160 days after infection. 


Experiment 5: Since it appeared from the 
above experiments that adequate doses of iso- 
niazid given intermittently were able to control 
infections as long as the disease was not too se- 
vere, an experiment was set up in which 250 mice 
were infected intravenously with only about 3,000 
viable units of tubercle bacilli, as determined by 
plate counts of the inoculum. Four different drug 
regimens were compared in this experiment: 

Group A: Controls, no medication 

Group B: Isoniazid, 0.1 per cent in the diet, 

24 hours per week, beginning 6 days after 
infection 

Group C: Isoniazid, 0.01 per cent in the diet, 

24 hours per week, beginning 6 days after 
infection 

Group D: Isoniazid fed by stomach tube, 0.2 

mg. in 0.2 ml. of water six days a week, be- 
ginning 7 days after infection 

Group E: Isoniazid fed by stomach tube, 2 

mg. in 02 ml. of water once a week, be- 
ginning 3 weeks after infection. 

Three mice of every group were randomly 
selected and sacrificed at weekly intervals and the 
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TABLE 3 
SuRVIVAL oF Mice on Continuous 
INTERMITTENT (ONCE-A-WEEK) 
Isontazip TREATMENT STARTED 
art Various Time INTERVALS 
AFTER INFECTION 


AND 


Number 
of Sur- 
vivors 
116 Days 
after In- 
fection 


Individual 
Survival (Days 
after Infection 


Kind of Treatment* 


No treatment (infection 
controls) 


Isoniazid continuously, be- 
ginning 3 days after in- 
fection 

Isoniazid intermittently, 
beginning 3 days after 
infection 

Isoniazid continuously, be 
ginning 6 days after in- 
fection 

Isoniazid intermittently, 
beginning 6 days after 
infection 

Isoniazid continuously, be 
ginning 10 days after in- 
fection 

Isoniazid intermittently, 
beginning 10 days after 
infection 12, 12, 12, 
13, 19, 40 


* Treatment: Isoniazid, 0.05 per cent in diet 
continuously, or once a week for 24 hours. 


number of viable bacteria determined in the 
lungs. Whenever the plates were counted, all col- 
onies were checked for the presence of peroxidase 
(4). The experiment lasted 18 weeks 


First, it should be mentioned that no iso- 
niazid resistance developed in any of the mice 
throughout the duration of this experiment. All 
colonies remained peroxidase positive. 

Of the untreated control mice, 2 died during 
the observation period. Of a survival control 
group infected at the same time, 50 per cent of 
the animals had died 135 days after infection 
(range 109 to 193 days). 

None of the isoniazid-treated mice died be- 
fore they were to be sacrificed, but their organs 
yielded quite different numbers of viable bac- 
teria (figure 6). In Group B, which received 
isoniazid as a 0.1 per cent addition to the diet 
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during 24 hours a week, the bacterial counts 
dropped below the theoretic limit of 20 organ- 
isms per lung which was detectable by the cul- 
ture method employed. This drop occurred 
after the first day of medication and, with two 
exceptions, the lung cultures from these mice 
remained sterile throughout. On the contrary, 
isoniazid had only a limited effect on bacterial 
counts when given in the diet in a 0.01 per cent 
concentration, or when it was fed by stomach 
tube at dosages of 0.2 mg. per day, six days a 
week, or 2 mg. per day once a week. 

It is estimated that a mouse takes in 3 to 4 
gm. of food per day. The mice in Group B would 


thus have eaten about 3 to 4 mg. of isoniazid 


over a 24-hour period, once a week, and it was 
somewhat surprising that the bacterial counts 
in Group E (2-mg. dose) should have remained 
as high as they were. An attempt was therefore 


made to determine drug concentrations in the 
blood of mice after feeding continuously and re- 
ceiving the drug by stomach tube. 


Experiment 6: Mice were fed diets containing 
0.1, 0.05, and 0.01 per cent of isoniazid for 24 
hours. They were then put on unmedicated food 
and bled at intervals. The serum was filtered 
through millipore filters and added to oleic-acid 
albumin medium in various concentrations, rang- 
ing from 0.1 ml. per ml. to 0.01 ml. per ml. The 
tubes were inoculated with M. tuberculosis, strain 
Ravenel, and checked for bacterial growth after 
one and two weeks. The susceptibility of the bac- 
teria to isoniazid was determined in control tubes 
containing various concentrations of isoniazid 
with and without normal mouse serum. 


The results are summarized in table 5. Iso- 
niazid alone, or in the presence of 10 per cent 
of normal mouse serum, inhibited the growth 
of tubercle bacilli completely in a concentration 
of 0.05-0.1 y per ml. The results reported in 
table 5 indicate, therefore, that, while the mice 
were fed a diet containing 0.1 per cent of iso- 
niazid, their serum concentrations of isoniazid 
were in the order of 10 y per ml., but that only 
one hour after discontinuing the medication, the 
drug concentrations had already fallen below 1 y 
per ml. With 0.05 per cent of isoniazid in the 
diet, serum concentrations of about 4 7 per ml. 
were present as long as the mice were feeding 
whereas, with 0.01 per cent of isoniazid in the 
diet, serum concentrations above 1 y per ml 
were never obtained. 

In a similar experiment, isoniazid serum con- 


: 
4 
ES 
14, 18, 18, 0 an 
18, 18, 19, 
23, 24, 28, 
30 
10 
10 
} 
the 
9 
4 
a 
<2 


INTERMITTENT ISONIAZID THERAPY IN MICE 


AVERAGE BODY WEIGHTS ( 


Fic. 5. Average weights of mice treated wi 
diet— 


Isoniazid continuously, beginning 


60 


AFTER INFECTION 


th various regimens of isoniazid, 0.05% in the 


3 days after infection. 


Isoniazid 24 hours a week, beginning 3 days after infection. 
Isoniazid continuously, beginning 6 days after infection. 
Isoniazid 24 hours a week, beginning 6 days after infection. 


O——O Isoniazid continuously, beginning 


10 days after infection. 


O-----O Isoniazid 24 hours a week, beginning 10 days after infection. 


TABLE 4 


Errects oF INTERMITTENT AND C 
DirreRENT Dosace LEVELS 


Groups and Drug Regimen* 


13, 14, 15,17, 
20, 20, 20 

19 

40 

30, 34, 37, 68 


Infection controls, none 
Isoniazid 0.1°, continuously 
Isoniazid 0.1°) 1 day a week 
Isoniazid 0.05°, continuously 
Isoniazid 0.05°) 1 day a week 
130, 136 
continuously 
¢ 1 day a week 


Isoniazid 0.01‘ 
Isoniazid 0.01‘ 
155 


Individual Survival Times 


21, 102, 102, 108, 


31, 47, 66, 132 
14, 23, 29, 108, 121, 132, 133, 147, 149, 150, 


ONTINUOUS Isontazip TREATMENT 


Average 
Weight of 
Survivors 160 
Days after 
Infection 


Number of 
Survivors 160 
Days after 
Infection 


days 
17, 17,17, 18, 18, 18, 19, 19, 
21, 21, 24 


gm. 
17, 
21, 
32. 
32.§ 
112, 119, 121, 123, 123, 126, 35. 
33. 
31.5 


* All mice (except the infection controls) were tr 
one week, beginning 6 days after infection. Followir 
tioned below were initiated. 


centrations were determined at various intervals 
after feeding 2 mg. of isoniazid by stomach 
tube. The results of the biologic testing for 
isoniazid in these serum specimens are tabulated 
in table 6. Up to two hours after feeding, the 


concentrations of biologically active isoniazid 


eated with isoniazid, 0.05 per cent continuously for 
21g this initial treatment, the various regimens men- 


were still in the order of about 20 y per ml., 
i.e., higher concentrations were reached by feed- 
ing the drug in one dose. These values are 
slightly higher than those reported by Canetti 
and associates (7), but the small differences can 
easily be attributed to variations in the tech- 
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T T T 
4 12 ‘5 ‘8 
WEEKS AFTER INFECTION 

Fic. 6. Mean logs of bacterial numbers recovered from the lungs of mice receiving the 

following different regimens of isoniazid. 

Group A: Infection controls, no isoniazid. 

Group B: Isoniazid 0.1 per cent in diet, 24 hours per week, beginning 6 days after infection. 

Group C: Isoniazid, 0.01 per cent in diet, 24 hours per week, beginning 6 days after in- 
fection. 

Group D: Isoniazid, 0.2 mg., fed by stomach tube 6 days a week, beginning 7 days after 
infection. 

Group E: Isoniazid, 2.0 mg., fed by stomach tube once a week, beginning 21 days after 
infection. The horizontal broken line indicates the limit of sensitivity of the 
method (20 viable units per log). All symbols below the broken line indicate 
sterile cultures, i.e., organs containing fewer than 20 viable bacterial units. 


TABLE 5 


Iy Virro Growtn INurBition or M. 
CULOSIS, STRAIN RAVENEL, IN THE PRESENCE 
OF SERUM SPECIMENS OBTAINED FROM 


TABLE 6 
Iv Virro Growtn or M. Tuerer- 
CULOSIS, STRAIN RAVENEL, IN THE PRESENCE 
OF SERUM SPECIMENS FROM Mice BLED 


Per Cent of 
Isoniazid in 


Diet 


Mice on Isontazip-CoNnTAINING 
Diets 


Hours after 

Cessation of 
Medication at 
Which Serum 
Was Obtained 


Concentration 
of Serum in 
Medium 


per cent 


10 


Growth 
Intensity 


Two anv Four Hours arrer THEY 
Were Fep 2 Me. or Isontazip* 


Bacterial Growth 
| with Serum from 2 
Hour Bleedings 


Final Serum 
Concentration in 
Medium 


Bacterial Growth 
with Serum from 4 
Hour Bleedings 


per cent 
10 + 
5 +++ 
+++ 
+++ 
+++ 
+++ 


* In the controls to this experiment, bacterial 
growth was completely inhibited by 0.06 y of 
isoniazid per ml. 


nique as well as the strain of mice used. How- 
ever, four hours after feeding, all detectable 
isoniazid had disappeared from the blood. 
Discussion 
Intermittent chemotherapy has been studied 
in mice before (8, 9). However, these early 
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studies do not seem to have been repeated, nor 
was it possible to find records of attempts to 
apply these findings to clinical treatment of 
tuberculosis except for a brief report by Roth- 
stein and Johnson (10) who found that one 
weekly dose of 2 gm. of streptomycin was about 
as effective as more frequent injections of the 
antimicrobial. In a long series of papers, Bart- 
mann and co-workers (11) compared the effects 
of continuous and intermittent doses of iso- 
niazid in experimental tuberculosis of guinea 
pigs. “Continuous” in the terminology of those 
writers signified 6 weekly injections of 5 or 10 
mg. of isoniazid per kg. of body weight, whereas 
“intermittent” treatment consisted of 2 such 
doses a week. As a whole, the results of the 
continuous treatment were somewhat better 
than with intermittent therapy, but the differ- 
ences were slight and good results were obtained 
with the less frequent injections. Palmer and 
associates (12), who studied the effects of vari- 
ous isoniazid regimens in large groups of heavily 
infected guinea pigs, came to the conclusion 
that “a given amount of drug appears to be 
more effective in large, less frequent doses than 
in small, more frequent doses.” Thus, in their 
experiments, a single weekly dose of 20 mg. of 
isoniazid per kg. was more effective than a daily 
dose of 3 mg. per kg. 

The present experiments were undertaken 
with a practical application in mind. It is sub- 
mitted that if isoniazid could be given to am- 
bulatory patients as infrequently as once a 
week, this would be of the greatest value for 
mass treatment schemes when controls to as- 
sure a regular drug intake would be difficult to 
set up. The question which these experiments 
tried to answer was therefore not whether in- 
termittent treatment would yield better results 
than any of the clinically proved regimens, but 
rather whether approximately as good results 
could be obtained by intermittent medication. 

To a large extent, the present results seem to 
answer the above question in the affirmative. 
The once-a-week regimens compared favorably 
with the continuous treatment schemes, as long 
as the dosages were sufficiently high. With lower 
doses, a limit was reached at which the inter- 
mittent treatment was clearly inferior to con- 
tinuous medication; but this disadvantage 
could, to some extent, be corrected by higher 
single doses. The values of the viable counts 
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obtained in Experiments 2 and 5 correspond 
well with the data published by McCune and 
Tompsett (13) and by Canetti and associates (7). 

Dosage levels are difficult to compare in mice 
and men, and conclusions must be drawn with 
care. Single doses of 2 mg. per mouse, corre- 
sponding to 80 to 100 mg. per kg. of body 
weight, are apparently well tolerated in mice, 
but adequate therapeutic results are also ob- 
tained with smaller doses (7). If, as is usually 
done, the drug is added to the diet, 0.01 per 
cent is about the lowest dosage at which severe 
acute infections are controlled. While the prog- 
ress of tuberculosis is checked at this level, the 
infection is not eradicated (13). Since an adult 
mouse consumes about 4 gm. of food per day, 
the daily drug intake here approximates 0.4 
mg., or 20 mg. per kg. Mice feed irregularly and 
frequently during most of 24 hours. The drug 
intake at each feeding is therefore low; but 
blood concentrations, although low ones, are 
maintained throughout. On the contrary, feed- 
ing isoniazid by stomach tube results in higher 
blood concentrations of shorter duration. 

Concentrations of active isoniazid seem to 
persist longer in man than in mice. With doses 
of 5 mg. per kg., Bartmann and Massmann 
(14) found drug concentrations of above 1 y¥ 
per ml. to persist an average of 6 hours. At 2 
hours, the average value was 4 y per ml. Similar 
results were reported by Mount and co-workers 
(15). In contrast, with a comparable dosage in 
mice, Canetti and associates (7) found the econ- 
centrations of active drug 2 hours after drug 
intake to be ten to twenty times lower (0.25- 
0.50 y per ml.). The present findings (tables 5 
and 6) are similar to those of the French work- 
ers. Thus, elimination of active isoniazid from 
the blood is much faster in mice than in human 
patients and higher doses must be chosen to 
obtain results which might be comparable to 
the human situation. The rapid disappearance 
of active isoniazid from the serum of mice is 
undoubtedly also the reason why, in Experiment 
5, the group which ingested an estimated 3 to 
4 mg. of isoniazid over a period of 24 hours, 
once a week, had so much lower bacterial counts 
in the lungs than the group that received about 
half this dose, ie., 2 mg., once a week, in one 
single feeding. 

In mice infected with large doses of tubercle 
bacilli and treated with isoniazid, drug _resist- 


» 
2 
tee 
Pee 
a 


834 


ance occurred in all instances, but the levels of 
microbial resistance reached during the obser- 
vation periods were lower in the intermittently 
treated animals than in the mice that received 
isoniazid continuously. If this observation can 
be confirmed, it would be of interest, especially 
when intermittent treatment schemes with iso- 
niazid alone are considered under field condi- 
tions. With small infective doses (Experiment 
5), drug resistance failed to develop throughout 
the observation period. 

From a theoretic point of view, it is not too 
surprising that isoniazid given only once a week 
should be effective as long as sufficiently high 
doses are chosen. The bactericidal effect of the 
drug is much more pronounced when it acts on 
bacteria which are in an active state of multi- 
plication, whereas resting bacteria are much less 
affected by the drug (16-19). It may be ex- 
pected then that the impact of isoniazid in vivo 
is greatest when the drug acts on rapidly mul- 
tiplying bacteria. Indeed, a great many studies 
have shown that under the influence of isoniazid 
(as well as of other agents), the number of viable 
bacteria which are recovered from animal or- 
gans drops sharply at the beginning of treat- 
ment, but becomes less and less affected as time 
goes on. With isoniazid given intermittently, 
there is sufficient time in the drug-free intervals 
for the bacteria to resume active multiplication 
and thus become more susceptible again when 
the next drug impact occurs. Relative to the 
long generation time of tubercle bacilli (16 to 
24 hours), a regimen in which effective drug 
concentrations in blood and tissues are reached 
for a few hours once a week might be com- 
parable to that in infections with gram-positive 
cocci with a generation time of 20 to 30 minutes 
when penicillin is given once or twice a day. 

Semiquantitative experiments of Armstrong 
(20) have shown that a daily contact of tuber- 
cle bacilli in vitro with as little as 1 y per ml. of 
isoniazid for only 2 hours had a complete bac- 
teriostatie effect. Longer contacts with higher 
drug concentrations were needed, however, for 
bactericidal effects to manifest. Al- 
though it is difficult to draw conclusions from 
observations in vitro, such as these, on condi- 
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tions as they prevail in vivo, there is no doubt 
that marked bactericidal effects did occur in the 
present experiments in vivo 

As mentioned before, these experiments were 
undertaken with a practical goal in mind: To 
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study under laboratory conditions treatment 
schemes which might be applicable in patients, 
especially under difficult field conditions. There, 
the public health officer is often faced with a 
choice between a well established method which 
is difficult to apply for want of the necessary 
installations and means, and trying a new pro- 
cedure which has a chance of giving acceptable 
results. It is suggested that once-a-week treat- 
ment with high doses of isoniazid might be a 
reasonable substitute for hospitalization, es- 
pecially if it is preceded in more advanced cases 
by a short (perhaps 3-week) intensive period 
of classical chemotherapy in a hospital. 

In order to get some information as to the 
dosage which might be used, some preliminary 
tests were done in a few normal human volun- 
teers. It was found that 30 mg. of isoniazid 
given once a week in one single oral dose were 
well tolerated over a period of 2 months. Pre- 
liminary trials in patients are now under way 
which seem to confirm these findings. Obviously, 
the final answer as to the adequacy of such 
treatment can only come from earefully con- 
trolled clinical studies. 


Sumy 


The therapeutic effects of isoniazid given con- 
tinuously were compared in tuberculous mice 
with the results obtained with regimens in 
which the drug was given intermittently. The 
action of the drug was judged by its effects on 
body weight, survival, and numbers of viable 
tubercle bacilli cultured at various intervals 
from lungs and spleens. It was found that in 
severe, acute, as well as in chronic, murine tu- 
berculosis, the therapeutic results obtained with 
intermittent drug regimens compared favorably 
with the effects of continuous treatment. Since 
good results were observed with one single weekly 
dose of isoniazid, it is suggested that similar 
treatment schemes be tried in ambulatory hu- 
man patients. The possibility of being able to 
supervise the once-a-week drug intake might 
represent a considerable advantage over con- 
ventional regimens. Bacterial resistance to iso- 
niazid appeared to develop at a slower rate in 
mice on intermittent treatment schemes than 
was the case in animals that received isoniazid 
continuously. In order to be effective when 
given onee a week, the single doses of isoniazid 
must be relatively large. 
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SuMARIO 


La Isoniacidoterapia Intermitente en los Ratones 


Se compararon los efectos terapéuticos de la 
isoniacida administrada continuamente a ratones 
tuberculosos con los resultados obtenidos con regi- 
menes en los que se administré la droga intermi- 
tentemente. La accién del medicamento fué juz- 
gada efectos sobre el vivo, la 
sobrevivencia, y el nimero de bacilos tuberculosos 
viables cultivados a varios plazos de los pulmones 


y los bazos. Se observé que, en la tuberculosis 


por sus peso 


murina aguda grave, asi como en la crénica, los 
resultados terapéuticos obtenidos con los regime- 
nes intermitentes se comparaban favorablemente 
con los aleanzados con el tratamiento continuo. 
Como se observaron buenos resultados con una 
sola dosis semanal de isoniacida, se propone que 
se pruebe un tratamiento semejante en enfermos 
humanos ambulantes. La posibilidad de poderse 
vigilar la toma semanal de la droga podria consti- 
tuir una ventaja considerable sobre los regimenes 
convencionales. La resistencia bacteriana a la 
isoniacida parecié formarse con mayor lentitud en 
los ratones sometidos a planes terapéuticos inter- 
mitentes que en los animales que recibieron isonia- 
cida continuamente. A fin de que sea eficaz cuando 
se administra una vez semanal, la dosis Gnica de 
isoniacida tiene que ser relativemente grande. 


RESUME 


Thérapeutique intermittente par l’isoniazide 
chez des souris 


On compara les effets thérapeutiques de |’iso- 
niazide donné d’une fagon continue chez des souris 
tuberculeuses, aux résultats obtenus avec un sys- 
téme ot le médicament fut donné par intermit- 
tence. On jugea l’action du médicament d’aprés 
son effet sur le poids corporel, la survie, et le 
nombre de bacilles tuberculeux viables cultivés a 
des intervalles variés 4 partir des poumons et des 
rates. On trouva que, dans la tuberculose murine 
severe, aigué, aussi bien que dans la tuberculose 
chronique, les résultats thérapeutiques obtenus 
avec le systéme intermittent de médication peu- 
vent étre comparés avec succés aux effets du traite- 
ment continu. Comme on observa de bons résultats 
avec une seule dose hebdomadaire d’isoniazide, on 


propose que des shémas de traitement semblables 


soient essayés chez des malades humains ambula- 
toires. La possibilité de pouvoir contrdéler la prise 
hebdomadaire du médicament représente un avan- 
tage considérable sur les systémes habituels. Le 
résistance bactérienne A l'isoniazide semble se 
développer A un rythme plus lent, chez les souris, 
avec le mode de traitement intermittent que dans 
les cas oft les animaux cecurent de lisoniazide de 
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facgon continue. Afin d’étre efficace, lorsqu’on les 
donne une fois par semaine, les doses uniques 
doivent étre relativement fortes. 
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INTRODUCTION 

Tuberculoid skin lesions on the bridge of the 
nose following injuries sustained while swimming 
in a public pool were first reported from Stock- 
holm by Hellerstrém (1) in 1939. In 1951, the 
same writer (2) was able to report on a total 
of six eases. Eight cases of similar lesions either 
on the chin, finger, or nose following swimming 
in a public pool in Vancouver were reported by 
Cleveland (3). Nine other cases of lesions on the 
knee, finger, or ankle contracted in a swimming 
pool in San Francisco were reported by Rees and 
Bennett (4) in 1953. The latter investigators, 
incidentally, refer to ten or twelve other cases 
of the disease acquired in a swimming pool in 
Seattle. The cause of the disease was not eluci- 
dated in any of the above cases. 

An outbreak of tuberculoid lesions on the el- 
bow following swimming in a public pool and 
affecting some eighty people was observed from 
1949 to 1950 in the Swedish town of Orebro. 
Linell and Nordén (5) identified a Mycobac- 
terium as the causative agent and gave it the 
name Mycobacterium balnei. The same bac- 
terium was found by Zettergren and associates 
(6) during an outbreak involving some sixty 
cases in 1951 and 1952 in another Swedish town. 
During the summer of 1959, a similar outbreak 
involving about three hundred cases was ob- 
served in Colorado. The source of the infection 
was an open-air, hot springs—mineral water pub- 
lie swimming pool in Glenwood Springs which 
was polluted with M. balnei. The history, epi- 
demiology, and clinical aspects of this outbreak 
were reported by Mollohan and Romer (7). The 
bacteriologic and histologic investigations con- 
cerned with the identification of the causative 
agent are reported in the present study. 


MATERIAL AND METHODS 


The skin lesions made their appearance two to 
three weeks after infection. In most cases they 


*From the Department of Experimental Micro- 
biology, Division of Research and Laboratories, 
National Jewish Hospital at Denver; and the De- 
partment of Microbiology, University of Colorado 
School of Medicine, Denver, Colorado. 


were localized on the elbow and, less often, on the 
knee, foot, finger, or toe. The lesions consisted of 
papules or nodules which slowly increased in size, 
sometimes ulcerated, or became covered by a scab 
(figure 1). Healing in the majority of cases oc- 
curred spontaneously after several months, often 
leaving a scar (figure 2). Biopsy specimens of skin 
lesions submitted by local physicians were used 
for bacteriologic and histologic study? For histo- 
logic study, a portion of the specimen was fixed in 
formalin, embedded in paraffin, sectioned, and 
stained with hematoxylin-eosin and by Kinyoun’s 
staining procedure for acid-fast bacteria. Another 
portion of the specimen, to be used for bacteriologic 
study, was transferred to a sterile mortar, minced 
with scissors, and ground with sand under stepwise 
addition of about 2 ml. of a 02 per cent solution 
of bovine albumin fraction V* A smear was made 
to detect the presence of acid-fast or other micro- 
organisms. In patients with evidence of secondary 
infection, a part of the tissue suspension was sub- 
mitted to a decontamination procedure by mixing 
with an equal volume of N sodium hydroxide, in- 
cubating for ten minutes, and then neutralizing 
with N hydrochloric acid in the presence of brom- 
thymol blue as an indicator. The suspension was 
inoculated on oleic acid-albumin agar medium, 
7H-10 (8), by pipetting 0.1 ml. in the center of the 
plate and spreading by means of a sterile L-shaped 
Pasteur pipette while the plate was revolving on a 
turntable. The plates were enclosed in polyethylene 
bags and incubated at 30 to 33°C. for a period of 
two weeks. At least five plates were used for each 
specimen. Samples of water from the swimming 
pool which was suspected of being the source of 
the epidemic were handled in a similar manner. 

The properties of the strains isolated in this 

investigation were compared with those of the 
following strains: 

(1) Four strains of M. balnei isolated in the 
Swedish epidemics (ATCC 11564, 11565, 
11566, and 11567). 

(2) Four strains of mycobacteria‘ isolated in 
Hawaii from patients with granulomatous 
skin lesions on the knee, finger, or hand. 


* The writers wish to acknowledge the collabora- 
tion of the following physicians, who supplied the 
biopsy specimens: Drs. Henry M. Lewis, Denver; 
Robert C. Lewis, B. E. Nutting, and G. W. Horst, 
Glenwood Springs; John P. Hyland, Grand June- 
tion; and Harry O. Hendrick, Carbondale. 

* Pentex, Incorporated, Kankakee, Illinois. 

*The writers’ thanks are due Dr. Hastings 
Walker, Medical Director, and W. F. Shinn, Chief 
Laboratory Technician, Leahi Hospital, Honolulu, 
Hawaii, for sending these strains and clinical data. 
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Fic. 1 (Left). Skin lesion on the elbow with scab formation, six weeks’ duration. 
Fic. 2 (Right). Scar formation six months after infection. 


These infections had been contracted on the 
beaches of various Hawaiian islands. 

Two strains of mycobacteria® isolated from 
diseased fish in aquariums, namely M. mari- 
num (ATCC 927) isolated by F. D. Aronson 
(9) in 1926 from salt-water fish in Philadel- 
phia, and M. platypoecilus isolated by Baker 
and Hagan (10) in 1942 from tropical fish. 
Numerous strains of M. kansasii (11) iso- 
lated from patients with pulmonary disease 
resembling tuberculosis. Strains of this type 
were chosen for comparison because they 
resemble M. balnet in their cellular and 
colonial morphology, including color change 
on exposure to light, but differ by a higher 
temperature optimum for growth and their 
pathogenic effects in the lungs of mice on 
air-borne infection. 


Bacteriology 


Skin lesions from 24 patients were received 
for investigation during a period in excess of 
eighteen months. The specimens came from 19 
patients with lesions on the elbow; 2 patients 
with lesions on the knee; and 3 patients with le- 


* The writers are thankful to Dr. Charles Shep- 
ard, U. S. Public Health Service, Communicable 
Disease Center, Atlanta, Georgia, for having called 
attention to the similarity of these strains to M. 
balnet. 


TABLE 1 
Resutts oF THE CULTURE oF MyYcoBACTERIUM 
BALNEI FROM Biopsy SpreciMENS ACCORDING 
TO THE AGE OF THE LESIONS 


Total Number of Culture Result 


Specimens 
Examined 


Approximate Age of 
Lesion 
Positive | Negative 


months 


sions on the toe, dorsum of the tibia, or foot. The 
lesions in the latter patients were secondary to 
a primary lesion on the toe. The results of the 
culture are summarized in table 1. Mycobac- 
terium balnei was isolated from 17 patients; 15 
had lesions on the elbow and the others had le- 
sions on the knee, toe, dorsum of the foot, or 
tibia. In 2 patients the elbow lesions were com- 
plicated by bursitis. Some of the fresher lesions 
vielded numerous colonies on each plate. Lesions 
three-months old or older generally yielded only 
a few colonies. It is of interest that the twelve- 
and eighteen-month-old lesions were still posi- 
tive for M. balnei on culture. The failure to cul- 
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ture the organisms from some of the specimens 
may have been due to the badly desiccated state 
in which they arrived at the laboratory. 

In all except one instance, cultivation of M. 
balnei was achieved by direct inoculation of the 
ground specimen without preceding decontami- 
nation. Four specimens were inoculated without 
and with preceding decontamination; two were 
positive on direct culture and negative when 
treated by the decontamination procedure. One 
specimen was positive by both methods, but the 
decontaminated part yielded one-fifth as many 
colonies as the untreated part. One lesion with 
secondary infection gave a mixture of staphylo- 
cocci and mycobacteria on direct culture and a 
pure culture of M. balnei on decontamination. 
The colonies of M. bainei on the directly inocu- 
lated plates could be distinguished from those 
of the staphylococci by their characteristic mor- 
phology. These observations suggest that the 
chances of isolating M. balnei from biopsy speci- 
mens are best when the material is inoculated 
directly, and that this method can be recom- 
mended even if secondary infection is present. 
In the latter case, a parallel culture may be made 
from the material after decontamination. 

Samples of water from the swimming pool 
were inoculated directly without decontamina- 
tion and in ten- and one hundred fold dilutions. 
At the time of the height of the epidemic they 
vielded as many as a thousand colonies of M. 
balnei per ml. of water. Later tests which were 
made several days after the walls of the pool 
had been washed with a concentrated chlorine 
solution gave no growth of M. balnei from the 
pool water, but the bacteria could still be culti- 
vated from swabs made from fissures in the walls 
of the pool. 

To determine the optimal growth temperature 
of M. balnei on primary culture, two specimens 
were incubated simultaneously at 30° and 37°C. 
Incubation at 37°C. was done in a walk-in in- 
cubator furnished with a tightly closed cabinet 
into which air containing 5 per cent carbon diox- 
ide was introduced once daily. This procedure 
was used because it markedly improves the 
growth of tubercle bacilli and M. kansasii on 
oleic-acid-albumin agar in Petri dishes (12). 
Both specimens gave growth at 30° and 37°C., 
but the number of colonies at 30°C. was three 
times greater than at 37°C. No growth of M. 
balnei was obtained under incubation at 37°C. 
in atmospheric air. 
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The colonies of M. balnei in cultures at 30°C. 
became visible between the eighth and fourteenth 
day of incubation. They were slightly wrinkled 
and shiny, sometimes perfectly smooth and 
hemispherical and, in a single case, rough and 
dry. With increase in size their color became 
whitish and they lost their transparency. Ex- 
posure to daylight for a few hours caused a 
progressive change of color to yellow-orange 
within a day or two. This photochromogenic ef- 
fect distinguishes colonies of M. balnei from 
those of “scotochromogenic” mycobacteria, 
which are yellow before exposure to light. This 
latter type of mycobacteria is occasionally pres- 
ent in swimming pool waters, but does not cause 
skin infections. 

The pathogenic properties of the strains of M. 
balnei were studied in guinea pigs and CF, mice. 
No pathologic effects were seen in guinea pigs 
on subcutaneous injection or air-borne infection. 
Intravenous inoculation of four white mice with 
2.5 million bacteria produced a lesion in the tail 
at the site of the injection in all of them, but 
only one internal lesion occurred, in a mouse 
which had a testicular abscess containing numer- 
ous acid-fast bacteria. Intraperitoneal injection 
of an undiluted or tenfold diluted culture from 
Tween®-albumin liquid medium into male mice 
caused pronounced swelling of the scrotal sac, 
which was followed in some animals by necrosis 
of the scrotal skin. Intradermal injection of a 
million bacteria into the footpads of mice, ac- 
cording to the method of Fenner (13), caused 
swelling of the footpad and redness within a few 
days, progressing slowly to a yellowish dis- 
coloration and, sometimes, ulceration. A one 
hundred fold smaller concentration of bacteria 
caused a similar lesion which developed more 
slowly. Exposure of mice to air-borne infection 
in the chamber devised by Middlebrook (14) 
did not produce lesions except in rare cases in 
which a few tubercles were seen in the lungs. 
Two of the Hawaiian strains, however, seemed 
to have a greater tendency to produce lung le- 
sions. These results were similar to those ob- 
tained with the Swedish strains. They showed 
that the pathogenic effects of M. balnei in most 
cases are limited to the skin and to those tissues 
which have a lower temperature than the in- 
ternal organs. 

In order to study the antigenic specificity of 
M. balnei and M. kansasii, rabbits were immu- 
nized by repeated intravenous injections of heat- 
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killed bacterial suspensions for a period of sev- 
eral weeks. The antiserum was studied for its 
agglutinating effect on suspensions of M. balnei 
and other acid-fast bacteria in 0.5 phenol con- 
taining phosphate-buffered saline. The results 
were read after incubation overnight at 37°C. 
The agglutinating effect could be judged best by 
the clearing of the supernatant in the presence 
of the antiserum, as compared to the saline con- 
trol which retained its cloudiness or opalescence. 
It was found that the suspensions of all strains 
classified as M. balnei were agglutinated by the 
M. bailnei antiserum to a high titer, whereas the 
suspensions of M. kansasii or other mycobac- 
terial types were agglutinated only to a much 
lower titer. Antiserum prepared with a strain of 
M. kansasii, on the contrary, agglutinated all 
strains of M. kansasii which could be obtained 
in stable suspension, but none of the strains of 
M. balnei or other mycobacteria. This result in- 
dicated that M. balnei and M. kansasii are anti- 
genically distinct. It also showed that the strains 
from Sweden, Hawaii, and Colorado, and M. 
platypoecilus belong to the same type.” The 
specificity of the tuberculin reactions in guinea 
pigs sensitized with strains of M. balnei from 
Sweden and Colorado, as well as a strain of M. 
kansasii, was also studied. Filtrates from two- to 
three-month-old cultures in Wong medium were 
used as tuberculins. These filtrates had been 
standardized on tuberculous patients by deter- 
mining the dilution which on intradermal injec- 
tion gave a tuberculin reaction of the same 
strength as that produced by a 1:1,000 dilution 
of OT. These dilutions were used in the guinea 
pigs. The results of these tests showed that the 
animals sensitized with the strains of M. balnei 
gave the strongest reactions with the two fil- 
trates from the M. balnei strains and weaker 
reactions with the filtrate from M. kansasii or 
OT, whereas the animals sensitized with M. 
kansasii reacted most intensely with the homolo- 
gous filtrates. These results thus confirmed the 
identity of the Swedish and Colorado strains of 
M. balnei and their antigenic difference from M. 
kansasii. The latter result was also reported re- 
cently in studies by Magnusson and associates 
(15, 16). 

A special study was made of the usefulness of 
the optimal growth temperature as a criterion 


* Suspensions of M. marinum agglutinated spon- 
taneously and therefore could not be studied by 
this method. 


for the differentiation of M. balnei and M. kan- 
sasii. Linell and Nordén (5) had shown that the 
ability of strains of M. balnei to grow at 37°C. 
depended on the composition of the culture me- 
dium; only glycerol agar, but not Léwenstein- 
Jensen medium, supported growth at this tem- 
perature. Using oleic-acid-albumin agar medium, 
the writers found that the growth of M. balnei 
at 37°C. in a earbon dioxide-enriched atmos- 
phere was variable and often nearly as good as 
at 30°C. This medium, therefore, did not permit 
a clear-cut differentiation between strains of M. 
balnei and M. kansasii. In order to determine 
whether under other, perhaps less favorable, 
growth conditions the temperature of incubation 
might be a more critical factor for growth and 
thus permit differentiation between these two 
types, tubes of liquid Tween-albumin medium 
were inoculated with small amounts of M. balnei 
or M. kansasii, and growth at 30° and 37°C. in 
ordinary incubators was compared. It was found 
that all twenty-two strains of M. balnei grew 
very well at 30°C. but not at all or very poorly 
at 37°C., whereas an equal number of strains of 
M. kansasii grew as well or even better at 37° 
than at 30°C. This test, therefore, can be used 
for differentiation between the two mycobac- 
teria. 

Studies by Linell and Nordén of the suscepti- 
bility of M. balnei to various drugs showed that 
the bacteria were resistant to isoniazid, para- 
aminosalicylic acid, and thiosemicarbazone, and 
that they were partially susceptible to 4 y per 
ml. and fully susceptible to 8 y per ml. of strep- 
tomycin. Similar studies carried out by incorpo- 
rating the drugs in oleic-acid-albumin agar me- 
dium and using as inoculum a _ thousand-fold 
dilution of cultures of several strains of M. bal- 
nei in liquid Tween-albumin medium yielded the 
results summarized in table 2. Although some of 
these drugs have a marked inhibiting effect in 
vitro, their systemic use seems to be excluded in 
view of the self-healing nature of the disease. 
Topical application also would seem to be of no 
value because of the inability of the drug to 
penetrate through the skin. 


Histopathology 


A histologic examination was made of 15 of 
the 24 specimens received for culture studies. 
The age of the skin lesions at the time of biopsy 
ranged from one to eighteen months, the ma- 
jority being six months or less. 
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The cutaneous lesions were usually limited to 
the corium, and seldom extended beyond the 
level of the sweat glands. In two instances, how- 
ever, the infection extended into the bursa above 
the olecranon. The lesions commonly had a 
slight-to-moderate degree of hyperplasia of the 
epidermis; the surface was usually covered by a 
layer of parakeratotic scales in lesions less than 


TABLE 2 


or 
BALNEI 


RESULTS Tests OF 


Concentration of Drug (y per ml.) 
Drug 


| 


Isoniazid 
Ethioniamide 
Streptomycin 
Neomycin 
Kanamycin 
Cycloserine 
Pyrazinamide 


+ = no inhibition; + = partial or no inhibi- 
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six months’ duration, and by a hyperkeratotic 
layer in lesions of longer standing. Degenerative 
changes of the epidermis were observed in two 
lesions associated with secondary infection and 
surface ulceration. 

The inflammatory changes in eight lesions of 
less than six months’ standing were of a granu- 
lomatous character consisting mainly of an ad- 
mixture of round cells, chiefly lymphocytes and 
epithelioid cells. Tubercle-like structures with 
Langhans’ giant cells were observed in only three 
of these lesions (figure 3). In the others, the epi- 
thelioid cell infiltrates were more diffuse and not 
infrequently contained foci of “fibrinoid” necro- 
sis, described by Linell and Nordén (5). The 
caseous type of necrosis commonly seen in true 
tuberculosis was not evident in any of the cases 
in this study. Nerve involvement was not ob- 
served. 

The earliest lesion examined was of one 
month’s duration and differed from all others of 
longer standing. The bulk of the lesion was com- 
posed of a focal area of polymorphonuclear 
leukocytes in the corium, and extended upward 


Fic. 3 (Left). A discrete tubercle-like structure with giant cells and areas of lymphocytic 
infiltration in the corium; three-month lesion. (200) (U. S. Army photograph) 

Fic. 4 (Right). Wedge-shaped area of polymorphonuclear leukocytes extending from 
corium through epithelium with an overlying layer of parakeratotic scales; one-month lesion. 


(x40) (U.S. Army photograph) 
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through the surface epithelium to a covering 
layer of parakeratotic scales (figure 4). The ab- 
scess was surrounded by a zone of rather large, 
pale-staining histiocytes which were encroach- 
ing on the purulent exudate. Acid-fast bacilli 
were readily demonstrable within several of the 
histiocytes. A pure culture of M. balnei was ob- 
tained from the untreated specimen notwith- 
standing the purulent character of the lesion. 
There were seven lesions of six months’ dura- 
tion or more. In five the cellular reaction was of 
a nonspecific character consisting almost entirely 
of focal aggregates of lymphocytes in the corium, 
commonly situated about blood and 
sweat glands. Tuberculoid changes were lacking, 
and these lesions were considered to be in the 
healing stages, only a residual round-cell in- 
filtration remaining in a sclerotic corium (fig- 
ure 5). The other two lesions in this group still 
contained residual foci of tubercle-like struc- 
tures among the lymphocytic infiltrates. 
Acid-fast bacilli were observed in tissue sec- 
tions in 9 of the 15 cases. Six were also positive 
for acid-fast bacilli in direct microscopic exam- 
ination. A positive culture was obtained in 12 
of the 15 specimens studied microscopically. As 
far as could be determined, the bacilli seen in 
tissue sections were intracellular. They were 
somewhat longer and broader than true tubercle 
bacilli, and frequently showed crossbanding (fig- 
ure 6). The lesions in which the acid-fast organ- 
isms were more readily seen in tissue sections 


vessels 


also yielded greater numbers of colonies in cul- 
ture. In the majority of the lesions, however, 
the bacilli were sparse and were found only after 
prolonged search. 


Discussion 


The isolation of Mycobacterium balnei from 
the skin lesions and the swimming pool in Glen- 
wood Springs, Colorado, confirmed the finding 
of the Swedish investigators on the significance 
of M. balnei as the cause of “swimming pool 
granuloma,” and proved its presence in this 
country. The same bacterium was also isolated 
recently from patients who had contracted skin 
lesions while swimming on beaches of the Hawai- 
ian islands and in a swimming pool in Jackson- 
ville, Florida.’ Studies by Shepard (17), Bojalil 
(18), and the present writers indicate that the 
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mycobacteria isolated in 1926 by Aronson (9) 
and in 1941 by Baker and Hagan (10) from dis- 
eased salt water fish and tropical fish kept in 
aquariums were similar to M. balnei. All of these 
findings suggest that M. balnei is a normal habi- 
tant of the soil, with a preference for humid soils 
or water of moderately warm temperature. The 
swimming pool in Glenwood Springs provided 
such conditions. It was an open-air hot-springs 
pool, built in 1892. The temperature of the water 
was about 30°C. The pool was not chlorinated 
because the addition of chlorine produced cloudi- 
ness of the water due to reaction with some com- 
ponents of the hot spring water’ 

The history of this outbreak indicates that 
isolated cases of the disease were observed for 
several years before its source and cause were 
identified. The difficulties encountered in recog- 
nizing the true nature of the disease were due 
to the fact that the histopathologic picture of 
the lesions, as indicated by this study, often 
showed only the signs of a nonspecific chronic 
inflammatory process which could be produced 
by a variety of traumatic or infectious agents. 
In other cases in which tubercles, Langhans’ 
giant cells, and acid-fast bacilli were seen, the 
process was considered a tuberculous infection, 
and this diagnosis seemed to be supported by the 
finding of a positive tuberculin reaction. It is 
clear, however, from the observations made in 
Sweden as well as in Colorado that infection with 
M. balnei also causes a positive tuberculin reac- 
tion. 

In most cases it will be possible to make a 
definitive diagnosis of skin granuloma due to M. 
balnei from the site of the lesion, the past his- 
tory of swimming, the positive tuberculin reac- 
tion, histologic examination and, most conclu- 
sively, the isolation of the organism. 


SUMMARY 


Mycobacterium balnei was identified as the 
cause of an outbreak of “swimming pool granu- 
loma” in Colorado, and it was isolated from 17 
of 24 biopsy specimens. The methods for the 
isolation and identification of this bacterium are 
deseribed and evaluated. The histopathology of 
the 
discussed. 


lesions and its diagnostic significance are 


*The pool has been completely reconstructed 
and no cases of the disease have since been ob- 


served. 
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Fic. 5 (Upper). Perivascular foci of lymphocytes in a sclerotic corium; six-month lesion 
(x40) (U.S. Army photograph) 

Fic. 6 (Lower). Tissue section from three-month-old lesion showing acid-fast bacilli with 
more or less distinct “cross-barring.” (1800) 
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SUMARIO 


Estudio Bacteriolégico e Histopatoldgico del 
Granuloma Cuténeo Debido al 
Mycobacterium Balnei 


El Mycobacterium balnei fué identificado como 
la causa de un brote de “granuloma de las pisci- 
nas’’ en el Estado de Colorado, aislandose de 17 
de 24 ejemplares biépsicos. Se describen y justi- 


precian los métodos empleados para el aislamiento 
y la identifieacién de esta bacteria. También se 
diseuten la histopatologia de las lesiones y su im- 
portancia diagndéstica. 


RESUME 


Une étude bactériologique et histopathologique d'un 
granuléme cutané da a Mycobacterium balnei 


On identifia Mycobacterium balnei comme la 
cause d’une épidemie de ‘‘granulome des piscines”’ 
au Colorado, et on l’isola A partir de 17 de 24 
échantillons biopsiques. Les auteurs décrivent les 
méthodes employées pour isoler et identifier cette 
bactérie et pour l’évaluer. Les auteurs discutent 
l’histopathologie des lésions et leur signification 
diagnostique. 
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EVALUATION OF THE AGAR-PLATE PRECIPITIN TEST 
FOR HISTOPLASMOSIS' 
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INTRODUCTION 


Histoplasmosis is one of the most prevalent 
of human pulmonary diseases. It has been esti- 


mated that in the United States 30,000,000 per- ’ 


sons of the present population have been infected 
by Histoplasma capsulatum (1). Fortunately, 
most infections caused by this fungus are 
asymptomatic and do not require medical at- 
tention. When clinical signs and symptoms of 
the disease do appear, the establishment of a 
correct diagnosis is often a difficult medical prob- 
lem. Clinically, histoplasmosis mimics other dis- 
eases to such a remarkable extent that diagnosis 
is often inconclusive unless supported by posi- 
tive results of appropriate laboratory tests. 

Serologic procedures of various types have 
proved to be very useful in finding suspected 
cases of histoplasmosis. For several years, the 
Kansas City Field Station has been conducting 
serologic surveys of patients in tuberculosis 
sanatoriums in various parts of the United States 
and Canada (2). These serologic surveys have 
been done to determine the prevalence of active 
histoplasmosis in tuberculosis sanatoriums and 
to find patients with proved active infections 
for inclusion in therapeutic studies. All serum 
specimens from these continuing surveys, about 
14,000 annually, have been sent to the Micro- 
biology Diagnostic Unit, Laboratory Branch of 
the Communicable Disease Center, Atlanta, 
Georgia. The complement-fixation test (3) with 
histoplasmin and yeast-phase antigens has been 
used exclusively in this work. 

Although complement-fixation is the preferred 
serologic test for histoplasmosis, antigens for it 
are not widely available, and the test can only 
be done by well trained personnel. For this 
reason, tests for histoplasmosis are not generally 
performed in most laboratories, but require 


*From the Communicable Disease Center, Bu- 
reau of State Services, Public Health Service, U. S 
Department of Health, Education, and Welfare, 
Atlanta, Georgia; and the Communicable Disease 
Center, Kansas City Field Station, Kansas City, 
Kansas. 


shipment of serum specimens to a central labo- 
ratory. 

Among serologic procedures, the precipitin test 
is considered to be one of the simplest. Salvin 
and Furcolow_ (4) used a precipitin test in which 
sera were tested with antigen in capillary tubes. 
This procedure was evaluated by the Micro- 
biology Diagnostic Unit of the Communicable 
Disease Center several years ago and found to 
have two serious limitations: (1) Some sera gave 
nonspecific reactions with the medium used to 
prepare the antigen; (2) lipemic sera could not 
be tested. 

In 1949, Ouchterlony (5) described a modified 
form of the precipitin test for antigen charac- 
terization in agar plates. 

Heiner (6) in 1958 employed an agar-gel pro- 
cedure in which he utilized histoplasmin to pro- 
duce a precipitin reaction. He stated that the 
development of either an M or an H band using 
purified antigens was sufficient evidence for a 
presumptive diagnosis of histoplasmosis if there 
had been no recent skin testing. 

A modified version of the Heiner procedure 
was employed by the Microbiology Diagnostic 
Unit, and an evaluation of this test with the 
standard complement-fixation procedure was set 
up to determine its value as a rapid diagnostic 
procedure. The results of this evaluation study 
are reported here. 


MATERIALS AND METHODS 


Serologic tests: The complement-fixation pro- 
cedure employed was the modified 50 per cent 
hemolysis end point method used by the Com- 
municable Disease Center for more than ten years 
(3). 

The agar gel employed was prepared with 0.9 
gm. of sodium chloride, 0.4 gm. of sodium citrate, 
and 09 gm. of Special Agar-Noble (Difco)* dis- 
solved in 100 ml. of distilled water. Melted phenol 
(0.25 ml.) was added as a preservative. After auto- 
claving at 120°C. for ten minutes, the final pH was 
6.7. 

Noble’s agar was chosen since other types of 


*The use of trade names does not constitute 
endorsement by the U.S. Public Health Service. 
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Fic. 1. Preparation of agar plates. The serum wells were 15 mm. apart, whereas the central 


antigen well was 10 mm. from each serum well. 


Fig. 2. Agar plate reading box 


agar-agar were less translucent. The sodium citrate 
was used to control the pH and was found to re- 
duce halo formation around the serum wells. 
Ninety-five milliliters of the melted agar were 
poured into 130-mm. diameter Petri dishes, or 40 
ml. of agar into 90-mm. Petri dishes. The plates 
were placed on a level surface on which the agar 
was allowed to harden. The wells, arranged accord- 
ing to the pattern of a template, were cut into the 
agar with a 3/16-inch hollow aluminum tube con- 


nected to a vacuum line (figure 1). The bottom of 
each well was then sealed with a drop of agar. The 
pattern employed permitted 40 serum specimens to 
be tested in the large plate and 12 in the standard 
size plate. Approximately 0.08 ml. of serum or 
antigen was added to the wells by means of 
capillary pipettes. The precipitin reaction occurred 
between the antigen and antibody which diffused 
from the wells in the agar. 

A simple viewing box was constructed to facil- 
itate reading of the reactions. It contained a 22- 
watt 8-inch circular fluorescent tube mounted two 
inches below the top of the box. A black back- 
ground was placed beneath the fluorescent tube to 
provide contrast (figure 2). 

Antigens: Two types of antigens were required 
for the study. Histoplasmin was obtained by grow- 
ing four strains of H. capsulatum (105, A28, A228, 
A232) separately in modified tuberculin medium of 
Smith et al. (7) for six months. After the addition of 
1:10,000 merthiolate and storage for three days at 
room temperature, the broths were filtered and 
pooled in equal amounts. This histoplasmin was 
used in the complement-fixation test at a 1:32 
dilution, as determined by a box titration of a 
control serum. For the agar plate precipitin test, 
undiluted histoplasmin was concentrated ten times 
by perevaporation in a dialysis bag. A fivefold 
concentration of the histoplasmin antigen was se- 
lected for the precipitin test on the basis of vis- 
ibility of precipitin lines with various dilutions of 
the concentrate on 20 serum specimens positive by 
the complement-fixation test. 

Two veast-phase antigens were produced from 
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strain A-811 of H. capsulatum. A 10 per cent stock 
antigen obtained from yeast-phase cells grown in 
BHI agar at 37°C., diluted 1:32, was employed for 
the yeast-phase complement-fixation test. A solu- 
ble precipitin antigen was prepared according to 
Salvin’s (8) method? The yeast-phase precipitin 
antigen as shown in the footnote was discarded in 
favor of the histoplasmin concentrate. 

The development of one or more thin opaque 
lines of precipitation between the antigen and se- 
rum wells was regarded as a positive reaction. 

No attempt was made to report titers with 
precipitin-positive serum specimens, since these 
were lower than the titers in the complement-fixa- 
tion test. It was found that 80 per cent of the 
positive serum specimens reacted in twenty-four 
hours, 93 per cent in forty-eight hours, and 100 per 
cent in seventy-two hours. Incubation was per- 
formed at 20°C. 

Serum specimens: The test serum specimens 
were obtained from a number of state sanatoriums 
over a six-month period. A group of 5,211 were 
tested with both complement-fixation antigens and 
with the agar-plate precipitin test. 

RESULTS 


The results of the agar-plate precipitin test 
compared with the complement-fixation test on 
serum specimens positive with histoplasmin or 
yeast-phase antigen are shown in table 1. The 
results indicated that the proportion of serum 
positive with the precipitin test increased as the 
titer for both the histoplasmin and yeast-phase 
antigens rose. There was better agreement be- 
tween the precipitin test and the histoplasmin 
complement-fixation results than with the yeast- 
phase complement-fixation. This was particularly 
noticeable with yeast titers of 1:8 to 1:16. 
Eighty-three per cent of the histoplasmin com- 
plement-fixation positive serum specimens were 
positive with the agar-plate test, but only 14 
per cent were positive with the yeast comple- 
ment-fixation positive serum. 

When the histoplasmin and the yeast-phase 
complement-fixation antigens were both positive 
(table 2), 84 per cent were positive with the 
agar-plate test. This agreement was greater than 
90 per cent when the histoplasmin and comple- 
ment-fixation yeast titers were 1:16 or higher. 

The results of the agar-plate test on serum 
specimens negative by histoplasmin and yeast- 
phase antigens are shown in table 3. 

*In a preliminary trial, 16 of 52 complement- 
fixation positive serum specimens gave positive 
agar-plate precipitin reactions with the histoplasmin 
antigen. In contrast, the soluble veast precipitin an- 
tigen was positive in only 3 of the 16 serum speci- 
mens and negative with the remaining histoplasmin- 
negative serum specimens. 
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TABLE 1 
Resutts oF THE AGAR-PLATE PRecipITIN TEST 
ON SERUM SpeciMENS Wuicn Positive 
WITH ONLY ONE OF THE COMPLEMENT 
FIXATION ANTIGENS 


Positive Serum Specimens 
with Yeast Complement 
Fixation Only 


Positive Serum Specimens with 
Histoplasmin Complement 
Fixation Only 


Per Cent 
Plate 
Number Precip 
Tested itin 
Test 
Positive 


Titer to 
Histo 
plasmin 
Comple- 
ment 
Fixation 


Per Cent 
Yeast Number Plate 

Comple Tested Precip- 
ment : itin Test 

Fixation Positive 


Titer to 


1:8 70 1:8 
1:16 92 1:16 
1:32+ : SS 1:32+- 


Total 83 Total 


TABLE 2 
CoMPARISON OF THE AGAR-PLATE PRECIPITIN 
Test ON CoMPLEMENT-FIXATION 
Positive with HtstorLaAsMIN 
AND YEAST-PHASE ANTIGEN 


Histoplasmin Complement Fixation 


Yeast 1:16 

Comple- 
ment 

Fixation 
Titers 


Per Per Per 
Cent + Cent + Cent + 
Plate Plate Plate 
Precip Precip Precip- 
itin itin itin 
Test Test Test 


Number Number Number 


1:8 . 65 2 80 13 100 
1:16 37 57 a 91 11 100 
1:32+ 38 70 31 96 OS 


288 total positive complement-fixation agar 
gel + 84 per cent. 


TABLE 3 
Resutts oF THE AGAR-PLATE TEsT 
ON COMPLEMENT-FIXATION NEGATIVE SERA 


Number Gal 

per cent 

Negative both complement 4,280 
fixation antigens 

Negative histoplasmin com 
plement -fixation antigen 

Negative yeast complement 
fixation antigen 


4,822 
4,381 

The agar-plate test was positive with 1 per 
cent of the serum specimens negative with both 


complement-fixation antigens. A 1 per cent in- 
erease of agar-plate positive reactions was ob- 


aX 
249 6 
160 7 
133 29 
5A2 
& 
‘ 
1:32+ 
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TABLE 4 
RepRODUCIBILITY OF RESULTS WITH THE AGAR- 
Precipitin Test iN ATLANTA AND 
Kansas City COoMPARISON OF 
PRECIPITIN WITH THE COMPLEMENT- 
RESULTS 


Both 
Laboratories 


Nonagree- 
ment 
Both 

Labora- 
tories 


Comple- 
ment- 
Fixation 
Results 


Number 
Tested 


PPT— 


H & Y+ 31 2 285 
H+ 15 97 
Y+ 433 532 
H & Y— 3,833 3,982 
Total 414 4,312 4,896 
H = Histoplasmin. 

Y = Yeast phase. 

PPT = Plate precipitin test. 


tained on serum specimens in which only one of 


the complement-fixation antigens was negative. 

The reproducibility of the agar-plate precipi- 
tin test was tested at the Histoplasmosis Investi- 
gation Laboratory in Kansas City and in the 
Microbiology Diagnostic Unit. The sera were 
first tested in the former laboratory with the 
antigen and the method used by the Microbi- 
ology Diagnostic Unit. The sera then were 
shipped to Atlanta where complement-fixation 
tests and the agar-plate precipitin test were per- 
formed. The results are shown in table 4. 

The Atlanta and Kansas City Laboratories 
showed 96 per cent agreement with the agar 
plate precipitin test on all 4,726 serum specimens 
tested. About 90 per cent agreement was ob- 
tained when only the complement-fixation posi- 
tive serum specimens were compared. 


Discussion 


The presence of positive reactions to serologic 
tests for histoplasmosis in different tuberculosis 
sanatoriums in the United States and Canada, 
as shown by Walls and associates (2), indicates 
that exposure to the causative organism occurs 
in a wide area. An easily performed, rapid sero- 
logie procedure would make possible the selec- 
tion of patients for more thorough examination 
for histoplasmosis in the local endemic area. 

The agar-plate precipitin procedure has prop- 
erties that are desirable for the screening of pa- 
tients for possible infection by H. capsulatum. 
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The test is easily performed, economical, and 
lends itself to use by laboratories of limited re- 
sources. 

These data do not answer the question of how 
many of the serum specimens positive by serol- 
ogy come from active cases of histoplasmosis. 
Data obtained by Brasher and Larsh (9) indi- 
cate that the isolation of H. capsulatum is 
greater among patients with higher complement- 
fixation titers. In this study it was found that 
the number of positive precipitin reactions in- 
creased with the serum specimens having high 
complement-fixation titers. It follows then that 
the agar-plate test can be used for the rapid 
identification of those patients on whom fungous 
isolation should be attempted. 

Although the present precipitin antigen pro- 
duced M and H bands according to Heiner (10), 
the number of bands is not considered significant 
for diagnostic purposes. More than one band 
was not obtained with low-titer complement- 
fixation serum. The antigen used in this study 
was prepared in the same manner as that used 
by Heiner, namely perevaporation but, in the 
writers’ opinion, this does not constitute a “puri- 
fied” antigen. From this it is believed that a 
presumptive diagnosis of histoplasmosis could 
also be made when only one clearly visible band 
was present. 

Cross reactions are generally expected to oc- 
cur between antigens for histoplasmosis and 
other fungal diseases. However, the agar-plate 
histoplasmin precipitin test gave no reaction 
with serum specimens from 14 proved cases of 
coccidioidomycosis in humans with complement- 
fixation titers of 1:16 to 1:256. Serum specimens 
from other proved fungal diseases such as blasto- 
mycosis were not available for comparison. 


SuMMARY 


An agar-plate precipitin test for histoplas- 
mosis was studied on 5,211 specimens of human 
serum. A fivefold concentrate of histoplasmin 
was used as antigen. Precipitin tests were read 
as positive or negative within seventy-two hours. 
The lines or bands were clearly visible and easily 
read with a specially designed reading box. Two 
laboratories performed the agar-plate precipitin 
test on 4,482 serum specimens and obtained 96 
per cent agreement in results. The agar-plate 
precipitin test can result in a presumptive diag- 
nosis of histoplasmosis on which the need for 
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AGAR-PLATE PRECIPITIN TEST FOR HISTOPLASMOSIS 


further diagnostic study of the patient can be 
based. 


SuMARIO 


Justipreciacion de la Precipitinorreacién con Agar- 
Placa para Histoplasmosis 


En 5,211 ejemplares de suero humano se ha estu- 
diado una precipitinorreacién en agar-placa para 
la histoplasmosis. Como antfigeno se usé histo- 
plasmina concentrada al quintuplo. Las precipi- 
tinorreacciones se leyeron como positivas o negati- 
yas en término de setenta y dos horas. Las lineas 
o franjas eran visibles claramente y legibles facil- 
mente con cajita de lectura disefiada ad hoc. Dos 
laboratorios ejecutaron la precipitinorreaccién de 
agar-placa en 4,482 ejemplares de suero, obte- 
niendo un acuerdo de 96 por ciento en los resulta- 
dos. La precipitinorreaccién de agar-placa puede 
dar por resultado un diagnéstico presuntivo de 
histoplasmosis en el cual puede basarse la necesi- 
dad de estudio diagnéstico ulterior del enfermo. 


RESUME 


Evaluation du test a la précipitine sur plaque 
d’agar-agar dans l’histoplasmose 


Les auteurs étudiérent un test a la précipitine 
sur plaque d’agar-agar dans l’histoplasmose, sur 
5.211 échantillons de sérums humains. Un concen- 
tré—cing fois—d’histoplasmine fut utilisé comme 
antigéne. Les tests A la précipitine furent interp- 
rétés comme positifs ou négatifs dans les soixante- 
douze heures. Les lignes ou les bandes furent 
clairement visibles et faciles 4 lire avec une boite 
d’interprétation faite spécialement ce dessein. 
Deux laboratoires pratiquérent le test 4 la préci- 
pitine sur plaque d’agar-agar sur 4.482 échan- 
tillons de sérum et ils obtinrent 96% d’accord 
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dans les résultats. Le test A la précipitine sur 
plaque d’agar-agar peut fournir un diagnostic de 
présomption d’histoplasmose sur lequel on peut 
baser le besoin d’une étude diagnostique plus 
poussée du malade. 
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INTRODUCTION 


While examining the catalase activity of sonic- 
treated mycobacteria, it was noted that steriliza- 
tion of small samples by Seitz filtration resulted 
in a complete loss of activity. This observation 
could not be attributed to the removal of intact 
organisms or cellular debris. Therefore, the 
present studies were undertaken to determine 
quantitatively the effect of filtration on certain 
enzymes from mycobacterial and mammalian 
sources. A previous communication has reported 
the effect of filtration on the serologic activity of 
Old Tubereculin (1). 


MATERIALS AND METHODS 


Filters. Seitz bacterial filters 35 mm. in diameter, 
fritted glass ultrafine 60 mm. in diameter, and 
millipore-type HA filters 47 mm. in diameter were 
employed. The filters had surface areas of 9.6, 283 
and 173 sq. cm., respectively. Filtrations were 
carried out at room temperature (25°C.) under a 
negative pressure produced by means of a water 
aspirator adjusted to give a maximal pressure dif- 
ferential of about 70 cm. of mercury. The influence 
of pressure differentials on the removal of enzyme 
protein by the filters was determined in one series 
of experiments by the use of a Cenco-Pressovac 
electric pump, which produces an ultimate vacuum 
of 0.1 mm. of mercury or less. 

Enzyme preparations. Mammalian: Crude bo- 
vine liver catalase, lyophilized bovine liver catalase 
(40 to 50 milliequivalents of sodium perborate), and 
lipase (steapsin) were obtained from Nutritional 
Biochemicals Corporation, Cleveland, Ohio. The 
enzyme solutions were prepared just pror to use 
by dissolving in 0.1 M potassium phosphate buffer, 
pH 7.0, except in certain experiments in which 
saline or phosphate-buffered saline was the diluent 
Any undissolved residue was removed by filtration 
through two thicknesses of Whatman No. 40 filter 
paper. The enzyme solutions were then adjusted to 
gI\ the desired activ ity, and hereafter will be re- 
ferred to as “nonfiltered.” 

Mycobacterial: Crude catalase 


extracts with 
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and lipase activity were prepared from Mycobac- 
tertum phlei and the H37Rv strain of M. tubercu- 
losis by sonic oscillation of washed cells, suspended 
in phosphate buffer, in a 9 KC Raytheon oscillator 
for one hour. The bulk of the intact cells and 
cellular debris was removed by centrifugation be- 
fore sterilization by filtration. 

Nitrogen content. The concentration of total 
nitrogen in the enzyme preparations was deter- 
mined before and after filtration by the method of 
Miller and Miller (2), which is suitable for analysis 
of samples with low nitrogen content. 

Determination of enzyme activity. Catalase: 
Five milliliters of 0.1 M potassium phosphate 
buffer, pH 7.0, and 1 ml. of enzyme preparation, 
filtered or nonfiltered, were mixed and chilled to 
#°C. At zero minutes, 5 ml. of prechilled 0.1 M 
hydrogen peroxide were added to the buffer and 
enzyme. The reaction was allowed to proceed at 
41°C. for an appropriate time interval, and was 
stopped by the addition of 5 ml. of 20 per cent 
sulfuric acid. Each test included controls which 
contained heat-inactivated enzyme and others 
which were inactivated at zero minutes by the acid. 
Unused hydrogen peroxide was measured titri- 
metrically with 0.05 N potassium permanganate 

Lipase: Quantitative determinations of lipase 
activity were made using, essentially, the technique 
of Davis (3) for the estimation of small amounts 
of fatty acids in the presence of esters of these 
acids. Five milliliters of 10 per cent Tween® 80° in 
buffer and 5 ml. of lipase, filtered or nonfiltered, 
were allowed to react for two hours at 25°C. with 
occasional shaking. The liberated oleic acid was 
extracted and titrated. 

The presence or absence of lipase activity was 
also shown by a simple but sensitive indirect bio- 
assay method. Incubation of a source of lipase with 
Tween 80 in a medium without protective protein, 
such as bovine albumin, provides a more sensitive 
assay for lipase activity than most available chem- 
ical methods (4). This procedure was used to com- 
pare the effects of the microbial filters on this en- 
zyme in mycobacterial extracts. Each filtrate to 
be tested was added to a sterile medium contain- 
ing 0.05 per cent of Tween 80, but without protein 
The concentration of enzyme solution ranged from 
1 to 20 per cent in a total volume of 5 or 10 ml 
Comparable controls were diluted with buffer. The 
tubes were then inoculated with a human strain of 
tubercle bacilli and incubated at 37°C., usually for 


*Tween® 80 is the trade name of polyoxyethyl- 
ene sorbitan monooleate, produced by the Atlas 
Powder Company, Wilmington, Delaware. 
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fourteen days. The rate of growth was measured 
in a Bausch and Lomb Spectronic 20 at 600 mz 
against a blank of uninoculated medium. Hydroly- 
sis of Tween 80 results in the formation of free 
oleic acid which is toxic at low concentrations for 
some strains of mycobacteria. Under the conditions 
used, inhibition of growth of the inoculum was 
indicative of lipase activity. 


RESULTS 


Crude bovine catalase. Twenty-five-milliliter 
aliquots of crude bovine liver catalase solution 
were passed through the Seitz, fritted glass, and 
millipore filters at a differential pressure of 70 
em. of mercury. Upon completion of filtration, 
the filtrate was removed from the flask and an- 
other 25-ml. aliquot was added until a total of 
100 ml. had been filtered through each type of 
filter. The amount of hydrogen peroxide decom- 
posed in the presence of each fraction was then 
determined at various time intervals and com- 
pared with that remaining in control systems con- 
taining nonfiltered enzyme. The average per- 
centage of hydrogen peroxide acted upon in ten 
minutes at 4°C. is given in table 1. The per cent 
of activity lost in the tables is based on the 
amount of substrate decomposed by the non- 
filtered catalase taken as 100 per cent activity. 

It will be noted in table 1 that considerable 
activity was lost in the first millipore-filtered 
aliquot, but reduction was negligible in the third 
and fourth fractions. Additional tests showed 
that filtration of 100 ml. of equivalent enzyme 
solution in a continuous flow resulted in a de- 
crease in activity of 17 per cent in the millipore 
filtrate. This loss was apparently due to a re- 
tention by the coarse fritted-glass base of the 
filter assembly, since a comparable dec > was 
found in the absence of the millipore 1 yrane. 

The Seitz filtrates were inactive, d prior 
washing of the Seitz disc with salin ~~ buffer 
had no effect. Attempts to elute the enzyme 
from the dise were unsuccessful; however, reten- 
tion of catalase by the Seitz demon- 
strated qualitatively by adding the substrate to 
the filter cup. Even after the dise had been 
washed copiously by the passage of saline or 
buffer there was a vigorous evolution of oxygen 
upon the addition of hydrogen peroxide. 

When 25-, 50-, 75-, 100-, and 200-ml. amounts 
of crude bovine catalase solution were sterilized 
through different Seitz filters, only the 200-ml. 
fraction possessed activity, and this was of a 
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TABLE 1 


Errect oF FILTRATION oF 25-ML. ALIQUOTS ON 
Crupe Bovine CATALASE ACTIVITY 


Hydrogen 
Peroxide 
Decom- 
posed 


Activity 


Filter Lost* 


per cent 


per cent 


Nonfiltered control. . 
Seitz 
Seitz 
Seitz 
Seitz 


100.0 
100.0 
100.0 
100.0 


Millipore 3.5 3.0 
Millipore 5 2 
Millipore 
Millipore 


Fritted glass 
Fritted glass 
Fritted glass 
Fritted glass. 


* If per cent H.O,. decomposed by nonfiltered 
enzyme (a) = 100 per cent activity (b), then per 
cent HO, decomposed by filtrate (c) = ? per cent 
activity (x): x = be/a and per cent activity lost = 
b — x. 


low degree. However, the results indicate the 
adsorptive capacity of the filter. 

As shown in table 1, virtually all catalase ac- 
tivity was removed from the four successive 
25-ml. aliquots by the ultrafine fritted-glass fil- 
ter. Even a fritted-glass filter of coarse porosity 
significantly lowered the enzyme concentration 
of samples less than 100 ml. In view of these find- 
ings, the efficacy of crude catalase, sterilized by 
filtration through ultrafine fritted glass, in media 
for the cultivation of isoniazid-resistant, cata- 
lase-negative tubercle bacilli seemed question- 
able. A stock solution of 1 mg. per ml. in saline 
sterilized in this manner was recommended by 
Middlebrook and associates (5) for use in their 
7H-10 medium. This is at least four to eight 
times more concentrated than the enzyme solu- 
tions employed in the experiments already de- 
scribed in this report. Therefore, 25 ml. of 1 mg. 
of crude bovine liver catalase per ml. of saline 
were filtered through ultrafine fritted glass as 
well as Seitz filters at the standard pressure dif- 
ferential provided by the water pump. None of 
the substrate was decomposed by either filtrate 
during the time required by the nonfiltered ma- 
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TABLE 2 
Activity oF 1 Me. or Crupe CATALASE PER 
ML. OF SALINE AFTER STERILIZATION 
BY FILTRATION 


Hydro- 


N per ML. 


AOS 


per cent 7 


104.6 


Nonfiltered control 
Fritted glass 

Seitz 

Millipore 


100.0 
100.0 


TABLE 3 
Activity or a 1:10 Ditution or 1 Me. or 
LyopuiLizep Bovine CATALASE PER ML. or 
BUFFERED SALINE AFTER STERILIZATION 
BY FILTRATION 


Hydrogen 

Peroxide Activity 

Decom Lost 
posed 


Filter N per 


per cent 
99.5 
12.8 87.1 
99.0 0.5 
99.5 0 


per cent 


Nonfiltered control 
Fritted glass 

Seitz 

Millipore 


TABLE 4 
Errect oF FILTRATION ON MycoBAcTEeRIAL 
CATALASE ACTIVITY 


| 
Hydrogen 
Peroxide Activity 
Decom Lost 
posed 


Filter N per MI 


per cent per cent Y 
80.4 65. 
Millipore 72.3 10.1 30.: 
Fritted glass 51.3 36.2 23.2 
Seitz ‘ 0 100.0 17. 


Nonfiltered control 


terial to react with 90 per cent of the peroxide 
(table 2). 

Under the same conditions of testing, the milli- 
pore filtrate retained considerable activity, as 
in the case of less concentrated material. Analy- 
sis of the nitrogen content before and after fil- 
tration revealed corresponding, but not com- 
parable, reductions. 

A discrepancy in the activity of saline-catalase 
solutions after filtration through fritted glass 
might be due to a difference in the vacuum ap- 
plied. This possibility was investigated, but it 
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was found that the greater vacuum provided by 
the electric pump did not produce active Seitz 
and fritted-glass filtrates. However, using phos- 
phate buffer as the diluent, the enzyme was not 
removed completely by either filter under the in- 
fluence of the stronger vacuum although the rate 
of flow was not significantly increased, the activ- 
ity apparently being related to ion concentra- 
tion. 

Lyophilized bovine catalase. These results 
prompted a study of the effects of sterilizing fil- 
ters on a more refined catalase preparation, 
lyophilized beef-liver catalase dissolved in buff- 
ered saline, which was the type originally sug- 
gested for use in culture media for tubercle ba- 
cilli (6). Millipore and Seitz filtrates of 25-ml. 
aliquots of 1 mg. per ml. were highly active, as 
may be seen in table 3. However, only a fraction 
of the enzyme was recovered from the fritted- 
glass filter. The difference was shown by diluting 
the nonfiltered enzyme and the filtrates equiva- 
lently, so that the entire reaction time of one 
minute was required to decompose the substrate 
in the controls. 

Mycobacterial catalase. The effects of micro- 
bial filters on the breakdown of hydrogen per- 
oxide by mycobacterial extracts at 4°C. in ten 
minutes are shown in table 4, giving the average 
values of activity from a representative experi- 
ment in which 15-ml. aliquots of a crude sonic 
extract of M. phlei were filtered. 

All detectable catalase activity was removed 
from the limited volume of extract by Seitz fil- 
tration, in common with dilute mammalian cata- 
lase. Appreciable activity was present in the 
fritted-glass filtrate, but the membrane filter 
was superior under the conditions of the study. 
A highly active preparation from M. phlei, which 
was passed through a Seitz filter in small ali- 
quots and sampled at intervals, beeame pro- 
gressively more active after 20 ml. had been fil- 
tered, again demonstrating the adsorptive ca- 
pacity of the filter. 

Sonic extracts of the H37Rv strain possessed 
less activity than those prepared from the sapro- 
phyte, but the enzyme of the virulent organism 
was affected proportionately by the three filters. 

Pancreatic lipase. A 15-ml. aliquot of 0.5 per 
cent steapsin was found to pass through the 
membrane filter with about one-fourth reduc- 
tion, while more than half was retained by the 
fritted-glass filter. Virtually all of the enzyme 
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Fic. 1. Effect of filtration on inhibition of H37Rv due to lipase activity of M. phlei ex- 


tract. 


was removed by the Seitz filter, thus supporting 
an observation by Vogel (7). 

Mycobacterial lipase. In a study of lipase in 
mycobacteria (8), repeated experiments have 
shown that most of the enzyme can be recovered 
if the crude extracts are sterilized by millipore 
filtration, but that no detectable activity is pres- 
ent after Seitz filtration up to 50 ml. 

In figure 1, inhibition of growth of the H37Rv 
strain reflects the presence of free oleic acid 
formed as a result of enzymic hydrolysis of 
Tween 80 by a 10 per cent extract of M. phlei, 
filtered in 15-ml. volumes. Before filtration, the 
sonicate, containing some intact cells, had a ni- 
trogen value of 50.5 y per ml. The millipore, 
fritted-glass, and Seitz filtrates gave values of 
17.8, 16.7, and 15.4 y per ml., respectively. Re- 
sults with fritted-glass filtrates were variable, 
and only slight inhibition was noted with these 
in many instances. 

Using an extract of the H37Rv strain as a 
source of lipase, 92 per cent of its bacteriostatic 
activity in the Tween-synthetic medium was re- 
moved by Seitz filtration compared with the 
millipore-filtered material. 


Discussion 


In the present study the millipore filter, in 
general, had the least effect on the two enzymes 


studied, regardless of source. This is not sur- 
prising since retention by the membrane is de- 
pendent upon pore size. However, this filter—as 
is the case of all filters—must be restricted to 
fluids which do not alter it. The adsorptive ca- 
pacity of the Seitz filter limits its value in the 
sterilization of small volumes of some biologic 
preparations, but may prove useful in differen- 
tial filtration. 

Concentration, volume, solvent of the enzyme, 
and adsorption on glass and asbestos were, as 
anticipated, important factors in determining 
the activity of the filtrates. Adsorption of the 
enzyme proteins was nonspecific but rather con- 
sistent in degree for each filter in replicate ex- 
periments, except in the case of fritted-glass fil- 
ters. No relationship was noted between activity 
and rate of filtration or surface area of the fil- 
ters. 

It is understood that the quantitative data re- 
ported here apply only to the preparations stud- 
ied and under the experimental conditions out- 
lined. Admittedly, many biologic materials may 
not be affected significantly by filtration under 
specified conditions. However, decontamination 
by filtration has become so routine in the labora- 
tory that many investigators fail to examine 
critically this step in a procedure. For example, 
the inclusion of catalase in media for the culti- 
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vation of isoniazid-resistant, catalase-negative 
tubercle bacilli has been recommended. Appar- 
ently, the experimental work supporting the use 
of this enzyme to promote the growth of these 
organisms was done with lyophilized bovine 
catalase in buffered saline (6). Subsequent pub- 
lished methods advocate the use of crude cata- 
lase. Since only 2 ml. (5) to 3 ml. (9) of a 
l-mg. per ml. solution of the crude enzyme are 
preseribed per liter of medium, sterilization of 
25 ml. through a fritted-glass filter seems a lib- 
eral amount te prepare at one time. However, 
under these conditions and using widely differ- 
ent vacuums, the filtrate contains no demonstra- 
ble catalase activity by the permanganate-titra- 
tion method when the 60-mm. filter is employed. 
There is no mention in the literature that the 
catalase solutions should be pretreated before 
filtration through fritted glass. But unless they 
are first put through filter paper or centrifuged, 
even small volumes will not pass through the 
20- and 30-mm. size filters within a reasonable 
period of time, whereas they will pass through 
the 60-mm. filter. For that 
the larger filter happens to be the most accessi- 


reason or bee iuse 


ble, many laboratory personnel may unwittingly 
remove much or all of the enzyme’s activity by 
the filtration procedure. 

Davis and Dubos (4) suggested that bovine 
albumin to be used in media with Tween SO be 
heated to 56°C. for thirty 
the small amount of lipase present. The albumin 
which they tested had been sterilized by ultrafine 
fritted-glass filters. The removal of mammalian 
lipase by Seitz filtration, as shown in this report, 


minutes to destroy 


indicates that inactivation of the albumin may 
be an unnecessary step when these filters are 
used. However, this has not yet been tested. On 
the other hand, it should be kept in mind that 
a protein solution which has been sterilized by 
a highly adsorptive filter will be reduced in con- 
centration, and a basal medium which has been 
fortified with this filtrate will not be the same 
as one to which the filtrate of a less retentive 
filter has been added. 


SuMMARY 


This report emphasizes the importance of se- 
lecting a suitable filter for the sterilization of 
limited quantities of biologie products so that 
undesirable changes in content, which may be 
avoidable, do not result from the procedure. The 
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effects of millipore type HA, bacterial Seitz, and 
ultra-fine fritted-glass filters on mycobacterial 
and mammalian catalase and lipase were stud- 
ied. In general, using a maximal standard pres- 
sure differential of 70 em. of mercury, small vol- 
umes of either enzyme from both sources in low 
concentrations were completely inactivated by 
Seitz filtration but were not greatly affected by 
the membrane filter. Results with the fritted- 
glass filter were variable. Corresponding, but not 
comparable, reductions in nitrogen content after 
filtration were shown. 
SUMARIO 
El Efecto de la Filtracién sobre los Productos 


Biolégicos. 11. Influjo sobre la Actividad de la 
Catalasa y la Lipasa 


Recalea esta comunicacién la importancia de 
escoger un filtro adecuado para la esterilizacién 
de cantidades limitadas de productos biolégicos a 
fin de que no deriven del procedimiento altera 
ciones contraproducentes del contenido, que pue 
den evitarse. Se han estudiado los efectos de los 
filtros miliporosos tipo HA, bacterianos de Seitz 
y vitrificados ultrafinos sobre la catalasa y la 
lipasa micobacterianas y de mamifero. En general, 
usando una presién diferencial estd4ndard méxima 
de 70 em. de mercurfo, se inactivaron totalmente 
pequefios volimenes de una u otra enzima de 
ambas procedencias a concentraciones bajas, con 
la filtracién Seitz, pero no se sfectaron mayor cosa 
con el filtro de membrana. Los resultados con el 
filtro vitrificado fueron variables. Se observaron 
reducciones correspondientes, 


pero no compara 


bles, del nitrégeno después de la filtracién. 
RESUME 


L’ effet de la filtration de produits biologiques. 
Influence sur Vactivité de la lipase et 
de la catalase 


Ce rapport signale l’importance du choix d’un 
filtre convenable pour la stérilisation de quantités 
limitées de produits biologiques de sorte que des 
changements indésirables du contenu, qui peuvent 
étre pas du procédé. Les 
auteurs étudiérent les effets de filtres milliporeux 
de type HA, de filtres bactériens de Seitz, et de 
filtres ultrafins de verre pilé sur la catalase et la 
lipase de microbactéries et de mammiféres. En 
général, en utilisant une pression différentielle 
maxima standard de 70 em de mercure, des petits 
volumes de l’un des enzymes des deux sources 
furent complétement inactivés A des concentra- 


évités, ne résultent 
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FILTRATION EFFECTS ON CATALASE 


tions faibles, par la filtration de Seitz, mais ne 


furent pas beaucoup affectés par la membrane 
filtrante. Les résultats avec le filtre de verre pilé 
furent variables. Aprés filtration, il apparut des 
réductions du contenu azoté, lesquelles correspon 


daint mais n'étaient pas comparables 
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INTRODUCTION 


In the course of a quantitative morphologic 
study on architecture and dimensions of the hu- 
man lung (1), the need oceurred to fix cadaver 
lungs in a controlled degree of air inflation. Re- 
cently, several methods have been presented 
which allow the fixation of lungs in an expanded 
state by means of compressed air (2) or for- 
maldehyde in the state of vapor or fume (3, 4). 
These methods are quite time-consuming and 
have the disadvantage of providing a dry lung. 
The extraction of water from the delicate tis- 
sues of the lung without replacement by another 
fluid results in considerable shrinkage and dis- 
tortion of the membranous structures. Blood ves- 
sels, for example, appear as flat ribbons. More- 
over, the histologic quality of a specimen dried 
without previous rapid freezing is generally bad. 

Fixation with vaporous media has several ad- 
vantages over the conventional instillation of 4 
per cent formaldehyde solution into the bron- 
chial tree (5-7). Vaporous media appear more 
“physiologic” in maintaining the inflation of the 
airways and are less likely to induce distortion 
artefacts. With fluid instillation the normal 
shrinkage of alveolar septa induced by formalde- 
hyde has to take place over an incompressible 
fluid core, thus leading to distortion of the rela- 
tive dimensions with danger of flattening of hol- 
low structures such as blood vessels. Additional 
distortion may result from external compression 
by immersing the heavy lungs in fluid. 
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The method for fixation of lungs by formalin 
steam presented here was developed to satisfy 
the following conditions: (a) the lungs should be 
fixed in a controlled state of air inflation; (5) 
tissue shrinkage induced by formaldehyde should 
be allowed without restriction; however, it 
should be possible to determine the degree of 
shrinkage quantitatively; (c) the fine structure 
of the tissue should be well preserved; (d) the 
method should be rapid. 


MetHop AND MATERIAL 


The general arrangement of the apparatus used 
to apply formalin steam to the lungs is illustrated 
in the diagram of figure 1. 

The lung is mounted in a Lucite box (N) with 
the bronchus open to the exterior at C. The side 
walls of the box are provided with several holes 
which may be used for various purposes, e.g., for 
vascular injections if desired. One hole is pro- 
vided with a manometer (F); through another one 
(FE) air is sucked out of the box with an air pump 
(J). The air is passed through water in the flask 
(G) in order to remove formalin fumes. The nega- 
tive pressure thus created in the box (NV) can be 
regulated easily with a screw clamp at the side 
arm (//). The cover (O) of the box does not need 
to be sealed on tightly since the negative pressure 
in (NV) is controlled by a flow of air. This arrange- 
ment allows the lung to be inflated with negative 
“pleural” pressure to any desired extent. It also 
allows the hing to be “breathed” by changing the 
resistance of the side arm (//) as needed. 

Formalin steam is applied to the lung through 
the airways by means of the apparatus to the 
right of the box. A 3,000-ml. flask (A) is filled with 
approximately 1,500 ml. of a solution of 2 parts 37 
per cent formaldehyde and 1 part of water, which 
is heated by a Bunsen burner. The steam escapes 
through a single opening in a rubber-stopper and 
passes through a T-tube (B), whose side arm is 
immersed in water (M) to a depth of 5 to 10 em. 
This side arm acts as a pressure escape valve, keep- 
ing the steam pressure constant. At the same time 
formaldehyde fumes escaping through this valve 
are absorbed by the water which is constantly ex- 
changed by inflow of fresh water through (K) and 
drainage through the syphon (L). 

The steam is led into the bronchial tree through 
the T-tube (C), which is fitted onto the connectors 
(Cc). The side arm (D) and clamp (P) allow in- 
flation of the lung with room air after the equip- 
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FORMALIN-STEAM FIXATION OF THE LUNG od 


ment has been completely assembled and before 
the formalin steam is allowed to enter the lung. 

The connector (C) is constructed according to 
the recommendations of Moolten (7) and Liebow 
and associates (8). It consists of two short lengths 
of threaded metal pipe (b,e) and two correspond- 
ing sleeves (c,d). The pipe (5) is fitted tightly into 
a rubber stopper (a). On both ends of (5b), the 
sleeves (c,d) are tightly screwed on. The pipe (e) 
is used to cannulate the trachea or bronchus and 
is secondarily screwed into the lower sleeve (d). 
A piece of rubber tubing is fitted around the coni- 
eal end of the glass T-tube (Cf); this can then 
be tightly inserted into the opening of sleeve (c). 

The lung is carefully removed from the chest, 
avoiding cuts into the pleura and leaving as long 
a piece of the main bronchus as possible. (The 
usual practice is to fix only one lung with this 
procedure ; however, it is possible to fix both lungs, 
if they are properly mounted.) The pleura has to 
be examined carefully for tears and cuts. These 
have to be either sewn over tightly or ligated, de- 
pending on their size. Small light-weight spring- 
loaded paper clips render good service for clamp- 
ing off longer cuts, which cannot be tied off easily. 
If major cuts are left unclosed, uneven inflation 
and hence uneven fixation will result. 

The metal pipe (Ce) is tied into the bronchus. If 
injection of the blood vessels is desired, these 
should be cannulated at this point. Otherwise, it is 
advisable to tie off the major branches in order to 
avoid exsanguination. If possible, this should be 


done in situ before transection of the vessels. The 
free end of the pipe (Ce) is then screwed into the 
sleeve (Cd). Before lowering the lung into the box, 
the pleural surface is lightly painted with some 
glvcerin diluted with water on a cotton swab; this 
will prevent excessive drying of the surface under 
the influence of the heat. 

The apparatus is assembled as shown in figure 
1, the clamp (P) is closed, and the side arm (D) 
is open. The lung is then inflated with room air by 
rhythmically varying the negative pressure at (H) 
until the whole lung is well inflated. The degree 
of inflation can be checked with the manometer 
F. It has been found convenient, however, to in- 
flate the lung gradually until the maximal degree 
of inflation is almost reached, i.e., until a change 
in pressure causes only a slight change in volume. 
The pressure is then slightly reduced and the de- 
gree of inflation is maintained constant. This state 
of inflation should correspond approximately to 
three-fourths maximal inflation (see below). 

The heating flask (A) is now started, clamp (P) 
still being closed. The contour of the expanded 
lung is drawn with a marking pencil onto the front 
panel of the box (NV) as an orthogram. This will 
provide a base for the determination of the degree 
of shrinkage due to fixation. 

When the steam formed in (A) has built up 
sufficient pressure, the clamp (P) is slowly opened. 
The side arm (D) is gradually closed with a rubber 
stopper. This must be done very carefully. By no 
means should the lung be allowed to collapse at 


Fig. 1. Diagram of apparatus used for fixation (compare text). 
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this stage. In the beginning, a great amount of 
steam may be “consumed” by the lung, more than 
is produced. (D) has to remain partially open un- 
til the is sufficient to maintain the 
lung in an inflated state. This is ensured if an ex- 
cess of steam is seen bubbling out of the 
valve (B). The amount of steam production is 
controlled by varving the heat 

When an equilibrium is reached, it is maintained 
for one and one-half to two hours until the surface 
of the lung appears uniformly gray-brown. The 
negative pressure in the box may be reduced after 


steam pressure 


scape 


some time. 

\t the end of the procedure, the heat at (A) is 
turned off. The clamp (7) is rapidly closed and 
the side (D) is immediately opened. Great 
care has to be taken that the airways should be 
immediately opened to air after clamping the 
formalin steam line. The cooling vapors inside the 
lung reduce their volume considerably. This would 
cause the lung to collapse if (D) remained closed; 


arm 


Fic. 2. Median section through lung of young 
woman; section fixed with formalin steam. Lung 
was allowed to stay in Zenker solution overnight. 
Discolorations are due to uneven penetration of 
Zenker fluid. 
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at this point the lung can no longer be re-ex- 
panded. If the external pressure never exceeds the 
internal pressure, however, the lung will maintain 
its inflated shape. The vapor cooling in (A) will 
cause water from (M) to flow through (B) into 
A), thus diluting the strong formaldehyde solu- 
tion. 

When the lung has cooled off, it is disconnected 
from (C’) and carefully immersed in Zenker’s fluid 
in a large bucket; a layer of cotton, wet with fluid, 
is placed over the floating lung. Care has to be 
taken not to crush the lung in handling. It is best 
held by the pipe (Ce) which is left in place. 

By the next morning, Zenker’s fluid has infil- 
trated and hardened a shell of approximately 3 to 
fem. in depth. The lung can now easily be handled 
and cut into slices of 1 to 2 em. thickness by the 
aid of an 18-inch long Gillette Stady blade with- 
out collapsing (figure 2). The slices are loosely 
wrapped together with gauze and reimmersed in 
the Zenker’s solution for twelve hours. The tissue 
of the lung then is stiff enough to withstand ma- 
nipulation, slicing, embedding, et cetera, without 
collapsing. 


OBSERVATIONS 


Evaluation of the Method 


Labor and apparatus: The method is very 
rapid. Within about two hours following removal 
of the lung, a specimen fixed in a controlled in- 
flated state is obtained. The tissue is already 
sufficiently stiff to allow careful cutting of blocks. 
The method may, therefore, have some applica- 
tion when relative rapidity counts. Secondary 
treatment with Zenker’s solution, however, yields 
better results. The apparatus is relatively sim- 
ple and—particularly—easily set up, once its 
“right” and “left” portions are permanently as- 
sembled. 

Quality of fixation: The rapidity of fixation is 
due to the application of hot concentrated for- 
malin steam. The heat may cause some handi- 
caps under special circumstances, as discussed 
below: but the general quality of fixation is 
good. The bronchial wall is intact; often seecre- 
tions can be seen covering the cilia of the epithe- 
lium (figure 3). The architecture of the alveoli 
(figure 4) and the fine strueture of alveolar mem- 
branes are very well preserved (figure 5). 

Controlled inflation: The arrangement of the 
apparatus allows the lung to be inflated by nega- 
tive pressure with room air or any gaseous me- 
dium to any desired degree. When a steady state 
of inflation is maintained, the fixative can grad- 
ually be applied to the lung through the airways. 

So far there have been no means to determine 
accurately the degree of inflation of the lung 
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Fic. 3 (Top): Bronchial epithelium of dog’s lung fixed with formalin steam. Note fine layer 
of mucus covering cilia. Bronchial vessels are not distorted. (Hematoxylin and eosin stain) 
Fic. 4 (Center). Section of lung parenchyma from formalin-steam-fixed lung. 

Fic. 5 (Bottom). Interalveolar membrane from human lung fixed with formalin steam. 
Note interalveolar pore P. Granular content of alveolus and separation of basement mem- 
branes of capillaries C and epithelium FE due to pulmonary edema. Stained with periodic- 
acid-Schiff stain. 
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TABLE 1 
Correction Factors FOR ARTIFICIAL SHRINKAGE 
or Luna Tissue Due To Stream Fixation 
AND PARAFFIN EMBEDDING 


Conversion Dimensions X 


From To Linear Area Volume 


Fresh tissue* 1.22 
Fixed tissue 1.09 
Fresh tissue* 1.35 


Fixed tissue 
Slide 
Slide 


*In state of submaximal inflation (°4 


lung capacity’). 


prior to fixation. The use of a plethysmograph is 
not reliable since these preparations can rarely 
be made completely leak-proof. Therefore, ‘use 
has been made of the characteristics of the pres- 
sure-volume curve of the lungs (9). With some 
experience, the point of inflection of these curves 
can well be observed on the inflating specimen. 
An attempt was made to maintain the degree of 
inflation reached just above the point of inflec- 
tion, making use of the hysteresis of this curve 
occurring in deflation (9). After fixation, the vol- 
ume of the fixed lung was measured by water 
displacement, and the total volume V, of the 
fresh lung (air + tissue + blood) was obtained 
by applying the conversion factors of table 1. 
The degree of inflation J was determined by 
dividing V, by the weight W of the fresh lungs’: 


If an average normal “total lung capacity” of 7 
liters for the adult and an average weight of the 
adult lung at autopsy of 1,000 gm. are accepted, 
then 


7000 + 1000 


1000 


The procedure described above resulted in a 
value of J = 6.2 + O02, so that a degree of in- 
flation was achieved corresponding to about 
three-fourths “total lung capacity.” 

Determination of artificial shrinkage: The on- 
set of fixation of the tissue by the warm formal- 
dehyde will induce shrinkage, and a gradual re- 
duction of the lung size can be observed. In 
addition, the lung retains some ability to recoil, 


* The writers wish to thank Dr. Harry B. Martin 
for suggesting this relationship. 


which will cause a minute reduction of the lung 
size after the pressure gradient ceases. Drawing 
an orthogram of the freshly inflated lung and 
determination of the dimensions and volume of 
the fixed specimen will allow quantitative deter- 
mination of this shrinkage, which in the present 
material reduced linear dimensions by about 18 
per cent in average. From these data, correction 
factors for conversion of dimensions to the fresh 
state at about three-fourths total inflation can 
be derived (table 1). 

Limitations of the method: If the lungs are 
very edematous, the fixation may sometimes be 
incomplete. This is due mainly to the difficulty 
of bringing a sufficient amount of formaldehyde 
into the fluid-filled parenchyma. In such eases, 
prolongation of the fixation time over two to 
three hours may overcome these difficulties. The 
application of heat seems to induce a particu- 
intensive shrinkage of dense collagenous 
connective fibers. Extensive fibrosis or 
scars may, therefore, cause a moderate degree of 
distortion of the lung. 


larly 
tissue 


SUMMARY 


The application of formalin steam through the 
airways allows rapid fixation of the lung in any 
desired degree of air inflation. Apparatus and 
procedure are deseribed. The histologie quality 
of the specimens fixed by this procedure is very 


good. 


SUMARIO 


Fijacién del Pulmén por Vapores de Formalina 
en un Estado Fiscalizado de 
Inflacién con Aire 


La aplicacién de vapores de formalina a través 
de las vias aéreas permite la rApida fijacién del 
pulmén a cualquier grado de inflacién con aire que 
se desee. Se describen el aparato y el procedi 
miento. La calidad histolégica de los ejemplares 
fijados con este método es muy buena. 


ResuME 


Fixation du poumon par de la vapeur de 
formol dans des conditions contrélées 
d'inflation par air 


L’usage de vapeur de formol dans les voies 
aériennes permet une fixation rapide du poumon 
A n‘importe quel degré de distension par de lair. 
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FORMALIN-STEAM FIXATION OF THE LUNG 


Les auteurs décrivent l'appareil et le procédé. La 
qualité histologique des échantillons fixés par ce 
procédé est trés bonne. 
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INTRODUCTION 


Cellular sensitivity of the tuberculin type 
has been shown to be rather specific under dif- 
ferent experimental conditions since it was first 
described by Rich and Lewis (1). Tests made 
fractions of M ycobac- 
terrum that only 
those containing protein caused specific damage 
to sensitive cells, the nucleic acid and poly- 
saccharide components being without specific 
toxicity (2, 3). Until recently, little has been 
published concerning the reaction of tuberculin- 
sensitive cells to bacterial products other than 


with various chemical 


tuberculosis have indicated 


those derived from mycobacteria. Moen (4) 
demonstrated the specificity of the cytotoxic 
reaction by showing that splenic cells of tuber- 
culous guinea pigs were damaged in vitro by 
tuberculin but not by an extract of a group C 
hemolytic Streptococeus, whereas similar cells 
from guinea pigs infected with Streptococcus 
pyogenes, group C, were selectively damaged by 
the streptococcal antigen but not by tuberculin. 
tecently, Heilman and co-workers (5) have ob- 
served the same type of specificity in tissue cul- 
tures of spleen from tuberculous guinea pigs and 
those with experimental brucellosis. The test 
substances used in the experiments, tuberculin 
(PPD-S) and from 


caused cellular damage only in cultures of spleen 


nucleoprotein brucellae, 
from animals with the corresponding infection 
In recent vears the specificity of the evtotoxic 
reaction has been questioned by Packalén and 
his associates (6-8). They sensitized guinea pigs 
to tubereulin with BCG vaceination, followed by 
re peated Injections of heat-killed tubercle bacilli 
emulsified in paraffin oil. In studies on the mi- 
gration of leukoevtes in ¢ ipillary tubes, Wasser- 
man and Paeckalén (6) observed that cells from 
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tuberculin-sensitive guinea pigs were not only 
more sensitive to tuberculin than normal cells, 
but were also somewhat more sensitive to a cul- 
ture filtrate of Escherichia coli, and to lipopoly- 
saccharide from £. coli and Serratia marcescens. 
Old Tuberculin decreased the migration of sen- 
sitive leukocytes in concentrations of 1:100 and 
1: 1,000 but, when effective preparations of endo- 
toxin were diluted more than one twofold step, 
the inhibitory action on normal and sensitive 
cells was abolished. Tuncman and Packalén (7) 
observed similar damage to tuberculin-sensitive 
fibroblasts from lung and spleen in media con- 
taining tuberculin or a culture filtrate of E. coli. 
The differences were not as great as in the study 
on leukocytes, and it was not always possible to 
distinguish between normal and sensitive cells on 
the basis of values obtained in individual experi- 
ments, but the differences observed were statisti- 
cally significant. The effeet of tuberculin was 
greater than that of £Z. coli filtrate. Packalén, 
Tuneman, and Wasserman (8) reported similar 
results with renal epithelium growing in plasma 
clot cultures. 

In the present experiments, no attempt was 
made to duplicate the methods used by Packalén 
and his associates. The writers were interested in 
observing the effect of endotoxin in a tissue cul- 
ture system they have used for quantitative 
studies on bacterial allergy. Because of work in 
progress with human tissue, interest was focused 
primarily on the reaction of cells from tubercu- 
lin-sensitive animals showing little or no active 
infeetion. For this reason experiments were done 


with the spleen from guinea pigs sensitized with 
heat-killed mycobacteria in paraffin oil, and 
with M. 
H37Rv from one to seven and one-half months 
previously. The comparative effect of tuberculin 
ind endotoxin on cells from guinea pigs with ex- 


from rabbits infected tuberculosis 


perimental tubereulosis due to M. tuberculosis 


H&87Rv was also observed. 
\IATERIALS AND MetTHODS 


Animals: Adult male albino rabbits and adult 
male guinea pigs, both albino and of mixed color, 
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were used. Experimental tuberculosis was produced 
in rabbits and guinea pigs by the administration of 
1 ml. of a saline suspension contaiming 0.1 mg. 
(wet weight) of M. tuberculosis H37Rv. The in- 
fecting dose was given intravenously to rabbits 
and subcutaneously to guinea pigs. A group of 
guinea pigs was sensitized by a single intramuscular 
inoculation of ..erile paraffin oil containing 5 mg. 
(dry weight) of heat-killed human tubercle bacilli 
(strain H37Rv). Animals sensitized with M. tu- 
berculosis were given an intradermal test with 0.1 
ml. of a 1:20 solution of Old Tuberculin. Tu- 
berculous guinea pigs tested fifty days after infec- 
tion all showed a 4+ reaction, with areas of central 
necrosis. Tuberculous rabbits and guinea pigs sensi- 
tized with heat-killed M. tuberculosis were given 
intradermal tests within thirty days of their use 
as a source of tissue. Animals selected for tissue 
culture experiments had characteristic delayed re- 
actions measuring more than 12 mm. across (av- 
erage diameter). 

Two human spleens were also included in this 
study. One was removed from a 25-year-old female 
with traumatic rupture of the spleen (C.L.) and the 
other was from a 47-year-old man with advanced 
carcinoma of the stomach (L.W.). Both patients 
were positive reactors to 0.0001 mg. of PPD, but 
in neither case was there a history or present evi- 
dence of clinical tuberculosis. 

Test substances: A 1:1,000 stock solution of 
PPD*® prepared with sterile distilled water was 
stored at 4°C., and further dilutions were made 
with Tyrode’s solution as needed for each experi- 
ment. The same solution of PPD was used over a 
period of a year, and in vitro assays at the be- 
ginning and a few weeks before the end of the 
study showed that it was as active as PPD-S. 
Consequently, a concentration of 5 y per ml. of 
tissue culture medium was used in most of the ex- 
periments. 

A filtrate of E. coli was prepared by Seitz filtra- 
tion of an eight-day-old tryptic digest broth cul- 
ture of a strain of E. coli recently isolated from the 
urine of a patient with cystitis. The filtrate was 
stored in ampules at 4°C., and was diluted with 
Tyrode’s solution just before use. After culture 
studies were completed, the filtrate was tested and 
found to cause hyperthermia in the rabbit 
Lipopolysaccharide from E. coli (Difco lot 0127 
B 8) was suspended in Tyrode's solution and 
heated in a water bath at 70°C. for one hour 
Further dilutions of the stock solution were made 
with Tyrode’s solution for each experiment 

Tissue culture methods: The general methods 
used were similar to those employed in previous 
studies (5). Fresh homologous serum and heparin- 
ized plasma were used in the preparation of all tis- 
sue culture media. Experimental animals were 
fasted for twenty-four hours prior to obtaining 
blood, and human donors were bled after an over- 
*The purified protein derivative of tuberculin 
used in vitro was obtained through the kindness of 
Dr. E. 8. Barclay of Merck Sharp & Dohme 
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night fast. Serum-chick embryo extracts were made 
by extracting eight-day chick embryos with se- 
rum in the proportion of one embryo to 4 ml. of 
guinea pig serum or 5 ml. of rabbit or human se- 
rum. Dihydrostreptomycin was added to culture 
media in a concentration of 100 y per ml. To pre- 
vent lysis of the clot, cultures of human tissue 
also received soy bean trypsin inhibitor in a con- 
centration of 1:50 of an 05 per cent solution. 

At the time cultures were made, the substances 
to be tested—PPD or endotoxin—were added to 
the serum extract to comprise one twentieth of the 
volume of the medium. The spleens of both a 
normal and a_ tuberculin-sensitive animal were 
used in comparative experiments whenever pos- 
sible. Care was taken to select as controls rabbits or 
guinea pigs of approximately the same age and 
size as the sensitized animal in each experiment. 
Fragments of each spleen were prepared, and those 
measuring approximately 15 to 2 mm. in diameter 
were matched for size and placed in two to four 
groups of twelve fragments each. One group of 
explants was used in control cultures, and the re- 
maining groups comprised the test series to which 
different concentrations of endotoxin or tuberculin 
were added 

Cultures were placed in specially manufactured 
D5 Carrel flasks, and consisted of 0.5 ml. of plasma, 
1.0 ml. of tissue extract, and four explants of spleen 
placed in the medium before clotting occurred. 
Cultures were incubated at 37°C. in a rapid-cir- 
culation type of incubator. 

Quantitative determinations: The methods used 
to determine the extent of cellular migration or 
growth have been described previously (5). The 
migration of leukocytes and macrophages was de- 
termined at twenty-four and ninety-six hours of 
incubation, respectively. Cultures were coded and 
read as “unknowns.” The average radius of the 
migration zone was determined for each explant 
with the use of an ocular micrometer at 60 
magnification, and the average value was estimated 
for each group of cultures. The toxicity of endo- 
toxin or tuberculin was determined by comparing 
the values for test cultures with those observed in 
control cultures. The results were expressed in 
terms of a cytotoxic index in which a value of less 
than 0.90 usually indicated toxicity. The formula 
for calculating the cytotoxic index is given in 
tables 1-5. The growth of fibroblasts was deter- 
mined in two experiments by projectoscopic meth- 
ods on the tenth day of incubation, and the results 
were expressed in terms of the radius of the growth 
zone. The growth of fibroblasts is more variabl 
than that of the wandering cells. Statistical analy- 
sis of the data was carried out as described pre- 
viously (5). 

The pathologie findings in rabbits and guinea 
pigs infected with the human strain of M. tubercu- 
losis were characteristic for each species and will 
not be given here. A description of the histologic 
changes occurring in cultures at different periods 
of incubation will be the subject of a separate re- 
port. 
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OBSERVATIONS 


The effect of coli filtrate and tuberculin 
(PPD) on normal and tuberculin-sensitive cells 
was investigated first. Preliminary tests indi- 
cated that coli filtrate in a concentration of 
1:100 was moderately toxic for splenic macro- 
phages from normal guinea pigs and rabbits and 
that half that amount usually caused little or no 
decrease in cellular migration; consequently, 
these concentrations were used in comparative 
tests. Sterile broth alone in a concentration of 
1:100 had no effect on the growth or migration 
of splenic ceils from normal or tuberculin-sensi- 
tive animals. 

The results of three experiments with tuber- 
culous rabbits and three with guinea pigs sensi- 
tized with heat-killed tubercle bacilli are sum- 
marized in table 1. Some individual animal 
variation was noted in the response of small and 
large wandering cells to the toxie action of coli 
filtrate. The differences observed between nor- 
mal and tuberculin-sensitive cells were not great 


except in the last two experiments, in which tu- 
berculin-sensitive macrophages were more sensi- 
tive than normal cells to coli filtrate in one ex- 
periment, and were less sensitive in the other. 
Significant influences on migration were accom- 
panied by correspondingly severe morphologic 
damage, which appeared to be of the same order 
for normal and tuberculin-sensitive cells. The 
concentration of tuberculin used in these experi- 
ments did not affect the migration or growth of 
normal cells but had a selective toxic action on 
tuberculin-sensitive cells, the morphologic 
changes being similar to those previously ob- 
served in cultures of sensitive cells containing 
Old Tuberculin (9). 

The next series of experiments was concerned 
with the effect of a partially purified endotoxin 
from EF. coli (Difco lot 0127B8) on splenic cells 
of so-called normal guinea pigs and rabbits. The 
results from similar studies with two human 
spleens are included for comparison, although 
they came from tuberculin-sensitive individuals. 
The response of splenic leukocytes to different 


TABLE 1 
Toxicity oF A Cuurure Fittrate or E. Coit anp or TusBercutin (PPD) ror SpPLENIC 
CELLS oF NORMAL AND TUBERCULIN-SENSITIVE ANIMALS 


Values Represent Cytotoxie Index* 


Culture Filtrate of EB. Coli 


Duration of 


Source of Tissue Sensitinntion 


Normal rabbit 
Tuberculous rabbit 


Normal rabbit 
Tuberculous rabbit 


Normal rabbit 
Tuberculous rabbit 


Normal guinea pig 
Sensitive guinea pig 
Normal guinea pig 
Sensitive guinea pig 
Normal guinea pig 


Sensitive guinea pig 


* Cytotoxic index = 


1-100 


Macro- 
phages 


Tuberculin (PPD) 


1-200 5 y per ml. 


Macro- 
phages 


Leuko- 
cytes 


Macro- 
phages 


Leuko- 
cytes 


1.12 
0.46 


0.94 
0.32 


1.08 
0.56 


.83 
01 


Average migration cultures with endotoxin 


Average migration controls 


t Values in italies show significant variation from controls at 98 per cent confidence levels. 


re 
= _ _ — —_ ok 
days 
0 0.81t 0.89 0.93 
231 0.86 0.79 0.91 
par 
2 
0 0.81 0.49 0.86 0.69 1.01 
a 4 0.74 0.58 0.82 0.64 0.67 ee 
A 
0 0.89 0.82 0.94 0.86 1.04 
70 0.91 0.79 0.96 0.99 0.81 
: 
0 0.80 0.82 0.89 0.97 0.91 0.99 
=" 2 0.78 0.83 0.89 0.99 0.56 0.60 a 
0 0.84 0.91 0.80 0.865 1.01 0.99 
of 62 0.82 0.69 0.90 0.88 0.87 0.57 
0 0.81 0.86 0.86 0.97 1.04 | 
65 0.88 0.89 1.03 0.73 0.77 
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TABLE 2 
Errect or EnpotToxin rrom E. Coit on CuLTuRES OF MAMMALIAN SPLEEN 
Values Represent Cytotoxic Index* 


Concentration of Endotoxin in y per Ml. 


Source of 


Tissue 10 


Guinea pig 
Rabbit 1 
Rabbit 2 
Rabbit 3 
Rabbit 4 
Human (C.L.) 
Human (L.W.) 


0.49 
0.38 


Guinea pig 
Rabbit 1 
Rabbit 2 
Rabbit 3 
Rabbit 4 
Human (C.L.) 
Human (L.W.) | 


0.26 0.31 


Average migration cultures with endotoxin 


5 2.5 


I. Toxicity of Endotoxin for Splenic Leukocyte 


0.69 


0.86 0.90 


0.95 0.99 


0.87 
0.97 


II. Toxicity of Endotoxin for Splenic Macrophages 


0.61 
0.53 
0.53 


0.46 
0.63 


* Cytotoxic index =—— 


Average migration controls 


+ Values in italics show significant variation from controls. 


concentrations of endotoxin was variable (table 
2). This was particularly true in cultures con- 
taining 100 y per ml. of endotoxin, in which 
values were obtained that were 42 per cent less 
and 20 per cent greater than normal. At twenty- 
four hours of incubation, the outer edge of the 
migration zone consisted chiefly of granulocytes. 
Microscopic examination of unstained cultures 
showed these cells to be somewhat more sensitive 
to endotoxin than lymphocytes, judging by the 
distance they migrated and their relative num- 
bers in different parts of the migration zone. 
Tuberculin-sensitive granulocytes were also 
somewhat more sensitive to tuberculin than 
lymphocytes, as previously observed (9). 

The action of endotoxin on splenic macro- 
phages was surprisingly regular, i.e., increasing 
the concentration of endotoxin caused a progres- 
sive decrease in extent of migration and corre- 
spondingly severe morphologic changes. Cellu- 
lar damage due to endotoxin appeared greater 
than that produced by tuberculin in susceptible 
cultures. A detailed study of these changes will 
be presented elsewhere. The degree of toxicity 


due to endotoxin was about the same for the 
three animal species. The writers decided to use 
1 y per ml. of endotoxin in comparative tests, 
and also included a lower concentration than 
this, either 0.1 or 0.05 y per ml. 

Experiments with spleen from guinea pigs 
sensitized with heat-killed tubercle bacilli in min- 
eral oil are presented in table 3. Endotoxin had 
a somewhat greater toxic effect on tuberculin- 
sensitive leukocytes than on normal cells. The 
effect on macrophages, although subject to in- 
dividual variation, was about the same in the 
two groups. Tubereulin did not influence the 
migration of normal cells but specifically dam- 
aged sensitive wandering cells, especially the 
macrophage. It should be mentioned that all 
three of the sensitized guinea pigs had extensive 
draining abscesses at the site of injection of the 
tubercle bacilli in mineral oil. Bacteriologice cul- 
ture of the lymph nodes draining the area showed 
gram-positive cocci and gram-positive and 
gram-negative bacilli to be present. 

In the next group of experiments, endotoxin 
was equally toxie for wandering cells of normal 
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TABLE 3 
Errect oF Enporoxtin anp or TuBercuLiIn (PPD) ON THE MiGration of CELLS FROM 
EXPLANTS OF SPLEEN oF NORMAL AND TUBERCULIN-SENSITIVE GUINEA Pigs 
Cytotoxie Index* 


Escherichia Coli Endotox, Tuberculin (PPD 


Duration of 1 y per Ml 0.05 y per MI 5 y per MI. 


Pi 
Guinea Pigs Sensitization 


Macro- Leuko- Macro Leuko- Macro- 
phages cytes phages cytes phages 


Normal 53 0.86 98 0.98 
Sensitive 7 61 0.79 84 68 0.46 


60 0.88 0.95 
76 0.81 .88 0.69 


Normal 
Sensitive 
Normal 0 89 0.92 1.01 
Sensitive 134 75 0.87 0.67 
' : Average migration cultures with endotoxin 
* Cytotoxic index = 
; Average migration controls 
+ Values in italics show significant variation from controls. 


TABLE 4 
Errect of ENpoToxtN FROM E. Coit or TuBercutin (PPD) on CULTURES OF SPLEEN OF NORMAL 
inp Tupercutous RaBsBiTts 
Cytotoxie Index* 


E. Coli Endotoxin Tuberculin (PPD 


Duration 1 y per Ml 0.1 y per MI 5 y per MI 
| of Infection 


Rabbits 


Macro- fF ibro- Macro- Fibro Macro- Fibro- 
phages blasts phages blasts phages blasts 


Normal > 0.48 i 6 0.94 
Tuberculous 6 0.33 63 0.34 


Normal 0.63 x 1.08 
Tuberculous 76 0.73 0.55 


Normal 0.60 1.03 
Tuberculous 0.50 0.64 


10 y per MI 


Leuko Macro Fibro- 
cytes phages blasts 


Normal 0.88 86 .03 0.96 1.08 1.13 
Tuberculous 0.66 81 0.81 0.57 0.46 


Normal 7 0.61 82 70 0.95 1.01 
+ Tuberculous 126 0.86 0.92 88 0.78 0.63 


Average migration or growth cultures with endotoxin 


* Cytotoxic index = 
Average iigration or growth controls 


+ Values in italies show significant variation from controls. 
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TABLE 5 
Errect oF ENDOTOXIN FROM E. Cot AND oF TUBERCULIN (PPD) ON CULTURES OF SPLEEN FROM 
NorRMAL GUINEA Pics AND GuINnga Pies LNrecTep with Mycospacrertum TuBERCULOsIS H37Rv 


Cytotoxic Index* 


Duration of 


“wines Pigs 
Guinea Pig Infection 


1 y per Ml. 


E. Coli Endotoxin 


Tuberculin (PPD) 


0.05 y per MI. 5 y per MI. 


Leukocytes Macrophages Leukocytes Macrophages Leukocyte; Macrophages 


Normal 
Tuberculous f 81 


Normal 
Tuberculous 


Normal 
Tuberculous 


Tuberculous 


Normal 
Tuberculous 76 


* Cytotoxic index = 


0.94 4 91 
0.97 91 40 


1.07 83 
8h 


1.13 .03 
1.05 O01 


0.88 85 


0.89 
0.83 .83 


Average migration cultures with endotoxin 


Average migration controls 


+ Values in italies show significant variation from controls. 


or tuberculous rabbits (table 4). Macrophages 
were more sensitive than leukocytes in most in- 
stances. Tuberculin in concentrations of 5 or 10 
y per ml. had a specific toxic action on sensitive 
cells, particularly macrophages and fibroblasts, 
which were equally sensitive in these experi- 
ments. Fibroblastic growth was not affected by 
1 y per ml. of endotoxin. 

The last group of tuberculin-sensitive animals 
studied consisted of guinea pigs infected with 
M. tuberculosis strain H37Rv (table 5). As 
might be expected, these animals showed a 
greater degree of cellular sensitivity to tuberculin 
than the other groups; however, the reaction of 
their splenic cells to endotoxin was substantially 
the same as that of normal guinea pigs. In gen- 
eral, the large wandering cells of animals with 
active infection migrated farther than those of 
uninfected animals. In this group of experiments, 
a relationship between the extent of migration 
in tuberculin-sensitive control cultures and the 
degree of sensitivity to endotoxin was not ob- 
served. 


Discussion 


Although tuberculin-sensitive and normal cells 
reacted in a similar way to endotoxin, this does 


not necessarily contradict the findings of Packa- 
lén and his associates. The present experiments 
differed from theirs in several respects; namely, 
other methods of sensitizing animals were used, 
as well as a different kind of medium for grow- 
ing tissues. It has often been shown that even 
minor changes in tissue culture methods can 
greatly affect the results in studies on bacterial 
allergy. In the present studies, the primary in- 
terest was in the reaction of the macrophage. 
Studies are in progress to determine the relative 
sensitivity of normal and _ tuberculin-sensitive 
fibroblasts to increasing amounts of endotoxin. 

The fact that granulocytes and macrophages 
are actively phagocytic may account for the 
greater endotoxie damage to these cells as com- 
pared with lymphocytes and fibroblasts. This 
selective damage was seen not only with purified 
endotoxin, which is particulate, but also in ex- 
periments with coli filtrate. “Although the be- 
havior of endotoxin in solution is complex, ob- 
servations of Westphal and Liideritz (10) 
indicated that aggregates are present which con- 
sist of spherelike units having. a particle weight 
of about one million. Ribi and associates (11) 
estimated a similar particle weight for active 
fractions from cultures of Salnronella enteritidis. 
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This is much greater than the particle size of 
active components of PPD-S, which Seibert has 
determined to be between 9,000 and 44,000 (12). 
In this connection, experiments with whole heat- 
killed Br. suis showed that the active substance 
responsible for the allergic reaction is diffusible 
and capable of causing damage to Brucella-sensi- 
tive fibroblasts as well as phagocytic cells (13). 
In view of the differences in physical state of the 
substances tested, the relative sensitivity of tu- 
berculin-sensitive fibroblasts to the two sub- 
stances cannot be taken as conclusive evidence 
for either a basic similarity or difference in their 
mode of action on the cell. In studies with mixed- 
cell populations, further experimentation is often 
necessary to decide whether the effects observed 
are primary or secondary. The relatively low 
sensitivity of the fibroblast to endotoxin may 
also be the result of other factors, a possible in- 
fluence being partial detoxification by phagocytic 
cells (14). 

The degree of inhibition of leukoeytic migra- 
tion by endotoxin in the present study was simi- 
lar to that observed by Wasserman and Packalén 
(6), and agrees with the report of Martin and 
Chaudhuri (15), who used the slide-cell tech- 
nique to determine the effect of various bacterial 
products on the migration of human leukocytes. 
These workers found that gram-negative bac- 
teria or their products decreased migration, Sal- 
monella typhi endotoxin being toxic in concen- 
trations of 0.058 to 0.58 y per ml., whereas 2,000 
y per ml. of pneumococeal polysaccharide were 
required to inhibit migration. They observed a 
marked variation between individuals in the cell- 
ular response to endotoxin. 

In contrast to the irregular response of leuko- 
eytes to endotoxin is the rather regular and 
marked toxic effeet on the macrophage. This is 
consistent with the transient depression of 
phagocytic activity of the reticuloendothelial 
system demonstrated by Biozzi and associates 
(16), and the observations of Smith and co- 
workers (17) that the first dose of endotoxin 
greatly reduces the ability of the liver to remove 
a second dose given twenty-four hours later. The 
present investigators did not observe species’ 
differences in a limited number of experiments, 
although man is more sensitive to endotoxin 
than the guinea pig or rabbit. The amount of 
endotoxin causing damage in vitro is large com- 
pared with doses lethal for rabbits and guinea 
pigs. This is offset somewhat by the ability of 
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the macrophage to take up circulating endotoxin 
and to engulf leukocytes injured by the ingestion 
of endotoxin. Damage to a certain proportion of 
migrating cells could result from low concentra- 
tions of endotoxin without causing a decrease in 
extent of migration of all of the cells in the ad- 
vancing border. 

That the macrophage was more sensitive to 
endotoxin than other splenic cells appears to be 
important with regard to the so-called “hetero- 
aliergic” focal reaction. A general stimulation of 
the reticuloendothelial system tuberculosis 
and the presence of numerous histiocytic cells 
in a tuberculous focus provide a means for rapid 
removal of endotoxin from the circulation and 
concentration of the toxic material in the lesion. 
Bordet (18) showed that guinea pigs given BCG 
were many times more susceptible than normal 
animals to the parenteral administration of cul- 
ture filtrates of gram-negative bacteria. Freund 
(19) observed that tuberculous animals dying a 
few hours after injection of endotoxin showed 
congestion of the lungs with hemorrhagic areas 
around the tubercles, hemorrhagic congesion of 
the spleen (and sometimes of the liver and 
lymph nodes), and bloody exudate in the peri- 


‘ toneal and pleural cavities. The findings were 


similar to those of generalized tuberculin shock. 
It should be mentioned that similar focal reac- 
tions to endotoxin have been observed in lesions 
due to Bacillus anthracis, vaccinia (20), Pasteur- 
ella pseudotuberculosis, and tale granulomas 
(18). Bordet (21) followed the course of the re- 
action in guinea pigs given BCG and in those 
with tale granulomas’ and concluded that the 
presence of inflammatory tissue reactions was 
necessary for an augmented sensitivity to endo- 
toxin. Animals regained their normal reactivity 
to endotoxin as the inflammatory tissue reactions 
subsided. These early observations are of spe- 
cial interest in view of recent studies on the role 
of the reticuloendothelial system in endotoxic 
shock. Howard and his associates (22), in experi- 
ments with mice previously infected with BCG, 
observed that the rate of carbon clearance from 
the circulation was increased five times, but the 
same animals were one hundred times more sus- 
ceptible to killing by bacterial endotoxin than 
normal mice. The rate of breakdown of isotopi- 
cally labeled endotoxin was markedly increased 
in mice infected with BCG, and they were more 
resistant than normal mice to infection with S. 
enteritidis. When stimulation of the reticuloendo- 
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thelial system results from repeated administra- 
tion of subleth:] doses of endotoxin, increasing 
phagoeytie activity of the reticuloendothelial 
system is associated with tolerance to lethal doses 
of endotoxin. Whether or not tolerance is re- 
flected at the cellular level remains to be deter- 
mined. What part damage to phagocytic cells, 
particularly the macrophage, might play in de- 
velopment of intravascular fibrinoid formation 
and the hemorrhagic focal reaction is not known, 
but this observation along with other factors 
influencing the reaction suggest possibilities for 
future investigation. 

In view of the variation in cellular response 
to endotoxin of different animals in the present 
writers’ studies, it is possible that a large num- 
ber of experiments might have revealed a sta- 
tistical difference between the cells of groups of 
normal and tuberculin-sensitive animals. In stud- 
ies reported by Packalén and his associates the 
most definite results were obtained with leuko- 
eytes (6), but the significance of antigenic dam- 
age to the leukocytes is not well understood, and 
it is not certain to what extent the damage ob- 
served is related to allergic reactions of the de- 
laved type. The results reported by Packalén 
and his associates in studies with fibroblasts and 
renal epithelium were not as definite as those 
with leukocytes, and there was a good deal of 
overlapping of the data obtained with normal 
and tuberculin-sensitive animals (7, 8). It seems 
unlikely that these differences observed at a 
cellular level could account for a great increase 
in sensitivity of tuberculous animals to endo- 
toxin. The present results and those of Packalén 
and co-workers show that one cannot choose a 
concentration of endotoxin that is harmless to 
normal cells but uniformly toxic for tuberculin- 
sensitive cells. This degree of selective damage 
can be demonstrated with different concentra- 
tions of tuberculin (PPD) by the use of methods 
described in the present study. 

The results of the present study support the 
view that the heteroallergic reaction, although 
related in some way to the reactivity of the re- 
ticuloendothelial system, is independent of hy- 
persensitivity to tuberculin. In this connection, 
Suter and associates (23) showed that the sus- 
ceptibility of mice to endotoxin could be en- 
hanced not only by BCG, but also to a smaller 
degree by previous administration of cord factor 
which did not cause the development of hyper- 
sensitivity. Hall and Atkins (24) have shown 
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that tuberculin fever is due to an endogenous 
pyrogen released by the specific action of tuber- 
culin on sensitive cells. Cross-tolerance between 
endotoxin and tuberculin could not be demon- 
strated. Stetson (25) has discussed certain simi- 
larities between the local reactions to endotoxin 
and those of delayed hypersensitivity. The reac- 
tion of the macrophage in vitro may be a useful 
tool for studying these relationships as well as 
certain facets of the Shwartzman reaction and 
endotoxic shock. 


SUMMARY 


The relative toxic effect of tuberculin (PPD) 
and of E£. coli filtrate or endotoxin for splenic 
cells of normal and tuberculin-sensitive animals 
was determined in tissue culture. The degree of 
toxicity was estimated by quantitative deter- 
minations of the relative effect on migration or 
growth of wandering cells and fibroblasts from 
explants of spleen maintained in a semisolid 
tissue culture medium. 

The concentration of PPD employed did not 
affect normal cells but definitely decreased the 
migration and growth of leukocytes, macro- 
phages, and fibroblasts from tuberculin-sensitive 
animais. 

Escherichia coli endotoxin in concentrations 
between 0.25 and 100 y per ml. of culture me- 
dium had a variable effect on leukocytes, but a 
fairly regular and marked toxic effect on macro- 
phages from man, rabbits, and guinea pigs. The 
relative sensitivity of the macrophage to endo- 
toxin was similar in the three species. 

Although some variation existed in the cellu- 
lar sensitivity of individual animals, splenic 
leukocytes and macrophages from tuberculin- 
sensitive rabbits and guinea pigs were not found 
to be more sensitive to coli filtrate or endotoxin 
than the corresponding cells from normal ani- 
mals. The results confirm the specificity of the 
method for studying delayed allergy. 

The highest concentration of endotoxin used 
in comparative tests (1 y per ml.) did not de- 
crease the growth of normal or tuberculin-sensi- 
tive fibroblasts. 


SuMARIO 


El Efecto de la Endotoxina sobre los Histocultivos 
de Bazo de Animales Normales y 
Tuberculinosensibles 


En cultivos histolégicos se determiné el relativo 
efecto téxico ejercido por la tuberculina (DPP) 
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y por el filtrado o la endotoxina de la #. coli sobre 
las células esplénicas de animales normales y tu- 
berculinosensibles. Se caleulé el indice de toxici- 
dad por determinaciotes cuantitativas del efecto 
relativo sobre la migracién o proliferacién de 
células errantes o fibroblastos procedentes de ex 
plantes de bazo mantenidos en un medio 
semisdlido de histocultivo. 

La concentracién del DPP empleado no afecté 
las células normales, pero sf hizo bajar indudable 
mente la migracién y proliferacién de los leuco- 
maecréfagos y fibroblastos derivados de los 
animales tuberculinosensibles. 

La endotoxina de la Escherichia coli a concen- 
traciones entre 0.25 y 100 y por ml. de medio de 
cultivo ejercié efecto variable sobre los leucocitos, 
pero efecto téxico bastante regular y acentuado 
sobre los macréfagos procedentes de seres hu- 
manos, conejos y cobayos. La sensibilidad rela- 
tiva del macréfago a la endotoxina fué similar en 
las tres especies. 

Aunque existfa alguna variacién en la sensibili- 
dad celular de animales dados, los leucocitos y 
macréfagos esplénicos derivados de conejos y 
cobayos tuberculinosensibles no resultaron ser 
mas sensibles al filtrado o la endotoxina coli que 
las células correspondientes procedentes de ani 
males normales. Los resultados confirman la es 
pecificidad de la técnica para estudiar la alergia 
demorada. 

La concentracién mdéxima (1 y por ml.) de endo 
toxina usada en las pruebas comparativas no 
atenud la proliferacién de los fibroblastos normales 
o tuberculinosensibles. 


RESUME 


L’effet de Vendotorine sur des cultures de tissu de 
rate d’animaux normauz et d’animaur 
sensibilisés a la tuberculine 


On étudia dans des cultures de tissu l’effet rela 
tivement toxique de la tuberculine (PPD) et d’un 
filtrat de coli ou d’endotoxine sur des cellules 
spléniques d’animaux normaux et d’animaux 
sensibilisés & la tuberculine. On estima que le 
degré de toxicité par des déterminations quantita 
tives de effet relatif sur la migration ou le dé 
veloppement des cellules libres et des fibroblastes 
de fragments de rate prélevés maintenus dans un 
milieu de culture de tissu semisolide 

La concentration de PPD employée n’affecta 
pas les cellules normales mais diminua nettement 
la migration et le développement des leucocytes, 
des macrophages et des fibroblastes des animaux 
sensibilisés A la tuberculine. 

L’endotoxine d’Escherichia coli & des concen 
trations de 0,254 100 y par ml de milieu de culture 
eut un effet variable sur les leucocytes, mais un 


effet assez régulier et nettement toxique sur les 
macrophages de l’homme, des lapins et des co- 
bayes. La sensibilité relative des macrophages A 
l’endotoxine fut semblable dans les trois espéces. 

Bien qu’il existe quelques variations dans la 
sensibilité cellulaire d’animaux, individuellement, 
les leucocytes spléniques et .es macrophages de 
lapins et de cobayes sensibilisés A la tuberculine 
ne furent pas, trouva-t-on, plus sensibles au filtra 
de coli ou A l’endotoxine que les mémes cellules 
d’animaux normaux. Les résultats confirment la 
spécificité de la méthode dans |’étude de l’allergie 
retardée. La plus forte concentration d’endotoxine 
utilisée dans des tests comparés (1 y par ml) ne 
diminua pas le développement des fibroblastes 
normaux ou sensibles A la tuberculine. 
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INTRODUCTION 


In a number of experimental and clinical stud- 
ies in laboratory animals and man, it has been 
reported that the administration of para-amino- 
salicylic acid (PAS) and other aromatic amines 
in combination with isoniazid gives rise to ele- 
vated and prolonged concentrations of free iso- 
niazid (1-8), due presumably to competitive 
inhibition of isoniazid acetylation (1, 9, 10). 
However, it should be noted that the results of 
one study have been interpreted as suggesting 
that PAS exerts no significant influence on the 
metabolism of isoniazid in man (11), although 
this interpretation has been questioned by others 
(12). It has also been reported that the quantity 
of free isoniazid in the blood, as influenced by 
isoniazid dosage level and rate of metabolic in- 
activation, appears to be related in a direct 
manner to the emergence of bacterial resistance 
to isoniazid therapy in tuberculous patients (5, 
13-15). These studies have been interpreted as 
showing that high doses of isoniazid and low rate 
of inactivation are associated with a low inci- 
dence of isoniazid resistance. It is conceivable, 
therefore, that the ability of PAS to delay the 
emergence of resistance to isoniazid may be due 


in large part to its effect on the concentration 
of isoniazid in the blood, in addition to the anti- 
bacterial activity of PAS independent of iso- 
niazid (16). 


Hornung and associates (17) recently reported 
that 5-bromosalicvlhydroxamie acid (BSH), 3 
gm. daily, was as effective as PAS, 10 gm. daily, 
in delaying the emergence of resistance to iso- 
niazid in tuberculous patients. In view of the 
extremely low in vitro antibacterial activity of 
BSH, 62.5 y per ml. being required to inhibit the 
growth of Mycobacterium tuberculosis H37Rv 
in Dubos medium (18), the possibility was con- 
sidered that BSH may exert its effect predomi- 
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nantly by inhibiting the inactivation of isoniazid. 
Consequently, BSH was tested for its inhibitory 
effect on isoniazid acetylation in vitro, and its 
ability to increase the concentrations of free iso- 
niazid in the blood of rabbits was ascertained. 
On the basis of the results obtained in these ex- 
periments, studies were carried out in tubercu- 
lous patients to compare the effect of BSH with 
that of PAS on serum concentrations of anti- 
microbially active isoniazid. 


MATERIALS AND METHODS 


The methods used for the in vitro acetylation 
experiments and the in vivo studies with rabbits 
were those described previously (1), except that 
the rabbits used in the present experiments were a 
cross between the white albino and the California 
rabbit, each weighing 2 to 3 kg. 

Sixty-four tuberculous patients at the Royal 
Edward Laurentian Hospital were selected as sub- 
jects for investigation of the comparative effect 
of BSH and PAS on serum concentrations of iso- 
niazid. They were divided at random into two 
groups of 32 patients each. The patients in both 
groups received their usual therapeutic doses of 
isoniazid, 100 to 125 mg. three times daily, but 
no other drug, for three days prior to the test. The 
test dose of isoniazid (150 mg.) was administered 
at 8 a.m. of the fourth day. For the next three days, 
group 1 received 4 gm. of PAS and group 2 re- 
ceived 1 gm. of BSH three times daily, along with 
100 to 125 mg. of isoniazid. At 8 a.m. of the fourth 
day, a test dose of 150 mg. of isoniazid plus 4 gm. 
of PAS was administered to group 1, and 150 mg. 
of isoniazid plus 1 gm. of BSH were given to group 
2. All drugs were administered in tablet form. 
Three hours following the administration of each 
test dose, blood specimens were drawn for iso- 
niazid assay. Serum isoniazid concentrations were 
determined by the microbiologic method of Man- 
del and associates (2), except that the standard 
controls for each series contained 0, 0.025, 0.05, 
and 0.1 ¥ of isoniazid per ml. 


REsULTS 
In vitro: The effect of the hydroxamie acids 
of 5-bromosalieylie acid, PAS, and salicylic acid 
on isoniazid acetylation by pigeon liver extracts 
is shown in table 1. The effects of the correspond- 
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TABLE 1 


INHIBITION OF ISONIAZID ACETYLATION IN 
Pigeon Liver Extracts BY 
Hyproxamic Actps AND 
AMIDES OF SALICYLIC 


\Concentra- 

| tion of | 
Inhibitor (Inhibition 
M/L. X 


5-Bromosalicylhydroxamic 


acid (BSH). os 1.0 49 
5-Bromosalicylamide... . 1.3 52 
Para-aminosalicylhydroxamic 

acid , 2.5 | 65 
Para-aminosalicylamide . 10.0 86 
Para-aminosalicylic acid (PAS) 10.0 49 
Salicylhydroxamie acid | 10.0 | 37 
Salicylamide.. . 10.0 | 36 


* Experimental conditions as described pre- 
viously (1). 


ing amides and PAS, previously reported (1), 
are also included for purposes of comparison. 
The hydroxamic acids inhibited acetylation to 
the same extent as the corresponding amides, 
with the exception of the hydroxamic acid of 
PAS, which appears to be considerably more ac- 
tive than PAS amide and four times as active as 
PAS itself. It should be noted that the inhibitory 
potency of BSH is ten times that of PAS. As a 
matter of interest, a-ethylthioisonicotinamide, 
which shows marked antituberculous activity, 
and has been used therapeutically in combina- 
tion with isoniazid (19), was tested for its in- 
hibitory effect on isoniazid acetylation. At a 
10° M concentration the inhibition was 53 per 
cent, which is equivalent to that obtained with 
PAS at the same concentration. 

In vivo: 5-Bromosalicylhydroxamie acid (500 
mg. per kg. of body weight) administered con- 
currently with isoniazid (50 mg. per kg.) to rab- 
bits produced a marked increase in free isoniazid 
serum concentrations (table 2). At the four-hour 
interval following drug administration, the mean 
plasma concentration of isoniazid in the presence 
of BSH was 165 + 20 per cent of that attained 
when isoniazid alone was given. 

The results presented in table 3 show the se- 
rum concentrations of antimicrobially active iso- 
niazid attained by tuberculous patients as meas- 
ured three hours after test doses of: 150 mg. of 
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isoniazid, 150 mg. of isoniazid plus 4 gm. of PAS, 
and 150 mg. of isoniazid plus 1 gm. of BSH. It 
can be seen that BSH at one-fourth the dosage 
level of PAS compared favorably with the latter 
as far as their effects on serum isoniazid concen- 
trations are concerned. These results are in 
agreement with those of Hornung and co-work- 
ers (17) with regard to the relative effectiveness 
of BSH and PAS in delaying the emergence of 
resistance to isoniazid. 


Discussion 


To inhibit the growth of M. tuberculosis 
H37Rv in Dubos medium, a concentration of 
BSH of 62.5 y per ml. was required, as compared 
with 125 to 250 y per ml. for 5-bromosalicyl- 
amide (18). As BSH is largely converted into 
5-bromosalicylamide in man and the rabbit, it 
would be expected that the in vivo antitubercu- 
lous activity of BSH would be even lower than 
that found in vitro, unless the glucuronides of 
these substances, in which form they are ex- 
creted (18), have greater antibacterial activity 
than the parent compounds. The present results 
indicate that BSH is an effective inhibitor of 
isoniazid inactivation in vivo, and it may well 
be that this effect is greatly responsible for its 
ability to delay the emergence of bacterial re- 
sistance to isoniazid, as observed by Hornung 
and associates (17). It would seem that BSH 
warrants further consideration as a potential 
substitute for PAS in tuberculosis therapy, par- 
ticularly in the case of patients who are unable 
to tolerate PAS. 


TABLE 2 

Errect oF 5-BROMOSALICYLHYDROXAMIC AcID 
(BSH) on PLAsMA CONCENTRATIONS OF 

Free [sontazip RABBITS 


Plasma Concentrations of Free Isoniazidt 


Hours after 
Dosage* Per Cent of 
Without BSH With BSH Cuntrel 
per mi per mil. 
1 10.8 + 0.7 | 15.2 + 1.9 | 147 + 24 
2 8.42+ 0.7 | 12.9+ 0.5) 159 + 14 
4 §.4+0.3) 8.9+ 1.2) 165 + 


* Isoniazid, 50 mg. per kg. of body weight ad- 
ministered orally with or without BSH, 500 mg. 


per kg. 
+ Mean + standard error of 7 rabbits. 


Sm 
Acip* 
Inhibitor 
per cent 
pee 
4 
= 
fo 
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TABLE 3 
Errect or BSH anp PAS on Serum Isonrazip 
CONCENTRATIONS IN TUBERCULOUS 
PATIENTS* 


Serum Isoniazid 
Concentration 


Serum Isoniazid 
Concentration 


Group 1 Group 2 
Patients Patients 
Isoniazid Isoniazid Isoniazid lsoniazid 
Alonet + PAS Alone + BSH 
per ml. per mi 

l 0.5 1.0 1 1.0 4.0 
2 2.0 2.0 2 0.5 2.0 
3 1.0 2.0 3 1.0 2.0 
4 5 1.0 4 1.0 2.0 
5 2.0 2.0 5 0.5 1.0 
6 1.0 1.0 6 1.0 2.0 
7 0.25 0.5 7 2.0 4.0 
Ss 1.0 1.0 Ss 0.5 1.0 
9 0.5 1.0 9 0.5 1.0 
10 0.25 0.5 10 1.0 2.0 
il 1.0 2.0 ll 1.0 2.0 
12 1.0 2.0 12 0.5 2.0 
13 0.5 1.0 13 2.0 41.0 
l4 1.0 1.0 14 1.0 2.0 
15 1.0 2.0 15 1.0 4.0 
16 0.5 1.0 16 1.0 2.0 
17 0.5 1.0 17 0.5 1.0 
IS 1.0 2.0 IS 0.5 1.0 
19 2.0 2.0 19 0.5 1.0 
20 1.0 1.0 20 2.0 1.0 
21 0.5 1.0 21 0.5 2.0 
22 1.0 2.0 22 1.0 2.0 
23 2.0 4.0 23 0.5 1.0 
24 1.0 4.0 24 1.0 4.0 
25 0.5 2.0 25 2.0 4.0 
26 1.0 4.0 26 0.5 1.0 
27 0.5 1.0 27 1.0 2.0 
28 1.0 2.0 28 1.0 4.0 
20 1.0 2.0 20 0.5 2.0 
30 2.0 4.0 30 1.0 2.0 
31 0.5 1.0 31 0.25 1.0 
32 1.0 2.0 32 1.0 2.0 
Average 0.9 1.8 0.9 2.2 


* Experimental conditions are described under 
MATERIALS AND MetHops 

+t Test doses: isoniazid, 150 mg.; PAS, 4 gm.; 
BSH, | gm. 


SUMMARY 


The acetylation of isoniazid by pigeon liver 
extracts was found to be inhibited by salieyl-, 
5-bromosalievl-, and para-aminosalievl-, hydrox- 
amie acids. In this respect, 5-bromosalievlhy- 
droxamic acid was ten times as potent as PAS 
When given to rabbits conjointly with isoniazid, 
5-bromosalievlhydroxamic markedly in- 
creased plasma concentrations of free isoniazid. 
In tuberculous patients, 1 gm. of 5-bromosalievl- 


acid 
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hydroxamie acid gave rise to the same increase 
in the serum concentration of antimicrobially 
active isoniazid as did 4 gm. of PAS. 


SuMaRIO 


5-Bromosalicilhidroradmico 
Concentraciones 


El Efecto del Acido 


Acetilacién y las 
Séricas de la Isoniacida 


sobre la 


La acetilacién de la isoniacida por extractos de 
higado de paloma quedé, segin se observé, in 
hibida por los Acidos hidroxdmicos salicflico, 
5-bromosalicflico y para-aminosalicflico. En este 
sentido, el Acido 5-bromosalicilhidroxdmico re- 
sulté diez veces mds potente que el PAS. Adminis- 
trado a los conejos conjuntamente con isoniacida, 
el dcido 5-bromosalicilhidroxdmico  acrecenté 
notablemente las concentraciones plasmaticas de 
isoniacida libre. En los tubereulosos, 1 gm. de 
Acido 5-bromosalicilhidroxdmico produjo el mismo 
aumento que 4 gm. de PAS en la concentracién 
sérica de isoniacida activa microbianamente. 


RESUME 


Lveffet de Uacide 5-bromosalicylhydroramique sur 
Vacétylation de UVisoniazide et les concentra- 


tions de Visoniazide sérique 


On trouva que l’acétylation de l’isoniazide par 
des extraits de foie de pigeon est inhibée par les 
acides salicyl-, 5-bromosalicyl-, et para-amino- 
salicyl-, hydroxamique. A ce point de vue, l’acide 
5-bromosalicylhydroxamique fut dix fois plus 
puissant que le PAS. Quand on en donna a des 
lapins en méme temps que de l’isoniazide, 
5-bromosalicylhydroxamique augmenta nettement 
les concentrations plasmatiques d’isoniazide libre. 
Chez des malades tuberculeux, 1 gm d’acide 5- 
bromosalicylhydroxamique provoqua la méme 
augmentation des concentrations sériques d’iso- 
niazide antimicrobiologiquement actif que fut ob- 
tenue avec 4 gm de PAS. 
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INTRODUCTION 


The entity of pulmonary alveolar proteinosis 
was first described by Rosen and associates (1) 
in 1958. This disease is characterized anatomi- 
cally by filling of the alveoli with peculiar muco- 
and lipoproteinaceous material, and clinically by 
progressive loss of pulmonary function. In this 
report a case is discussed and the findings in the 
sputum are correlated with those of the pulmo- 
nary biopsy. It is believed that the disease may 
be tentatively diagnosed by examination of the 
sputum, as indicated by Carlson and Mason (2). 


Case Report 


The patient, W.M.T. (Duke history number 
F 25492), was a thirty-one-vear old Negro house- 
wife who was referred to Duke Medical Center by 
the Eastern North Carolina Sanatorium on June 
20, 1960. Because of recent contact with her father 
who had active pulmonary tuberculosis, she was 
given a routine examination by the county health 
department. A chest film revealed changes sus- 
picious of tuberculosis, and a two-plus tuberculin 
test was reported. Because of these factors she was 
admitted to the Eastern North Carolina Sanato- 
rium, but denied any marked respiratory symp- 
toms. She gave a history of generalized malaise 
and fatigue of one year’s duration. Past history 
revealed that she was brought up on a farm and 
had done housework for the past seven years. Prior 
to that she had worked in the tobacco fields and 
in a dry cleaning establishment for two years. She 
has three children who are living and normal. She 
had no serious illness except for one episode of 
expectoration of blood which was thought to origi- 
nate from the throat 

The physical examination at that time was nor- 
mal. The sputum and gastric washings were nega- 
tive for acid-fast bacilli and fungi. A scalene node 
biopsy revealed reticuloendothelial hyperplasia. 
All hematologic studies were essentially normal, in- 
cluding a negative lupus erythematosus prepara- 
tion and a serum protein of 64 gm. per 100 ml. 
Because of the strong possibility of tuberculosis, 
the patient was started on isoniazid and para- 
aminosalicylic acid therapy. Since no roentgeno- 
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graphic improvement of the chest resulted from 
this drug therapy, she was transferred to Duke 
Medical Center for further studies. 

Physical examination on admission to Duke re- 
vealed a well developed but undernourished Negro 
female. She had a pulse of 88 per minute, regular; 
blood pressure, 100 systolic, 70 diastolic in mm. of 
mercury ; respirations, 20 per minute; and a tem- 
perature of 98.9°F. Other physical findings were 
essentially normal except for the presence of 
wheezes over the right lung field. Laboratory data 
showed a hemoglobin of 142 gm. per 100 ml., a 
positive sickle cell preparation, and a leukocyte 
count of 4,750 with normal differentiation. Pulmo- 
nary function studies showed a maximal breathing 
capacity of 57 per cent and a vital capacity of 405 
per cent, with a seven-minute helium washout, 
which was considered slightly prolonged. It was 
believed that the findings were compatible with a 
restrictive type of lung disease. An electrocardio- 
gram and a serum electrophoresis were normal. 
Roentgenograms of the chest revealed some infil- 
tration radiating from the right hilum extending 
superiorly and inferiorly. In addition, there were 
some patchy infiltrations in both upper and lower 
fields (figures 1 and 2). 

Bronchoscopic examination was unrevealing, and 
the bronchial aspirates were negative for tumor 
cells, acid-fast bacilli, and fungi. Cultures of the 
sputum grew normal flora. 

An exploratory thoracotomy revealed multiple 
areas of nodular infiltration in the lung. The cut 
surface oozed frothy pink material. There was no 
pleural adhesion, and inflammatory exudates were 
not noted. A lung biopsy was taken. 

Examination of the surgically excised lung tissue 
revealed multiple areas of brown-gray consolida- 
tion 6 to 8 mm. in size. The pleura was normal. 
Microscopically (figures 3 and 4) the consolidated 
lesions were in a confluent lobular pattern. On the 
hematoxylin and eosin sections the alveoli were 
greatly distended and filled with an eosinophilic 
granular and floccular material. In addition there 
were a few foamy macrophages, desquamated al- 
veolar cells, small laminated bodies of 3-4 uw in 
size, disintegrating erythrocytes, acicular spaces, 
and occasional giant cells. In most places the alveo- 
lar septa were delicate and ischemic, but were fre- 
quently disrupted, possibly due to overdistention 
of the alveoli. Focal fibrosis, lymphocytic infiltra- 
tion, and hypertrophy of the alveolar epithelial 
cells were seen. The reticulum and elastic fibers of 
both the pulmonary tissue and the blood vessels 
were not remarkable. The small bronchi were 
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Fig. 1 (Left). Posteroanterior chest film showing diffuse “fluffy” infiltration of the right 
lung concentrated in the right perihilar and right lower lobe areas. 
Fig. 2 (Right). Right lateral chest film showing infiltrative lesions in the posterior lower and 


upper lung fields. 


rather contracted, and the bronchial muscles were 
slightly hypertrophic. The distal bronchi also con- 
tained a small amount of proteinaceous material. 
The bronchial epithelium was normal. 

The alveolar content showed characteristic histo- 
chemical reactions, as have been indicated by 
Rosen and associates (1). It was positive with 
periodic-acid-Schiff reaction, green with the Masson 
trichrome stain, and orange-yellow with phospho- 
tungstic acid hematoxylin stain. The oil red O 
stain on the frozen sectioned tissue revealed a 
small amount of fat in the macrophages and in the 
alveolar exudate. Many birefringent needle-shaped 
crystals were seen under the polarized light. The 
floccular material in the alveolar exudate reacted 
positively to luxol-fast blue stain, indicating the 
presence of phospholipids; however, the combined 
luxol-fast blue and periodic-acid-Schiff stains re- 
vealed a greater amount of mucopolysaccharides 
than lipids. No acid mucopolysaccharides were 
demonstrated with alcian blue stain. Many sec- 
tions were stained with MacCallum-Goodpasture 
bacterial stain, acid-fast stain, Giemsa stain, acri- 
dine orange fluorescent stain for fungi, Grocott- 
Gomori methenamine silver stain, and Dieterle 
stain in a search for organisms. None could be 
demonstrated by any method. The cultures of the 
lung tissue were also negative. 

Postoperatively the patient recovered unevent- 
fully and was returned to the sanatorium. She was 
continued on isoniazid therapy with little change 
in her pulmonary condition. She was readmitted to 


Duke Medical Center on August 1, 1960, for fol- 
low-up evaluation. The pulmonary function tests 
showed a vital capacity of 61 per cent and a maxi- 
mal breathing capacity of 80 per cent of expected 
normal value. The ratio of the residual volume to 
the total lung capacity was 16 per cent, and the 
helium washout was four minutes. Serum electro- 
phoresis showed a slight decrease in alpha-2 and 
beta globulins. Her chest roentgenogram and over- 
all physical condition remained unchanged. 

Sputum samples fixed immediately in 10 per 
cent formalin were collected for three successive 
days. The specimen was centrifuged and a paraffin 
block was made of the solid elements. Sections 
were stained with hematoxylin and eosin and 
periodic-acid-Schiff stains. The sections showed 
small amounts of eosinophilic granular and floc- 
cular masses in which acicular spaces were present. 
The morphology and the histochemical reactions of 
these masses of material were identical with those 
found in the alveoli of the biopsied lung tissue. 
Giant cells and laminated bodies, however, were 
not found. On the other hand, a great number of 
gram-positive cocci and epithelial cells from the 
oral cavity were present. 


Discussion 


The clinical, roentgenographic, and pathologic 
features presented in this case are characteristic 
of alveolar proteinosis. No history of inhalation 
of respiratory irritants, previous pulmonary dis- 
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Fic. 3 (Upper). Microscopic features showing lobular consolidation of the lung with 
periodic acid Schiff positive material in the alveoli. The alveolar septi are thin, delicate, and 
lack inflammatory reaction. Many acicular spaces are present in the exudate. The adjacent 
pulmonary lobule appears normal. ( Periodic-acid-Schiff stain, 107 magnification) 

Fic. 4 (Lower). Note the lymphocytic infiltration of the alveolar septi and giant cell re- 
action around the acicular spaces. The alveolar epithelial cells are hypertrophic. (Hematoxylin 
and eosin stain, 366 magnification) 
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ease, or occupational exposure was elicited. Fur- 
thermore, no apparent hematologic disorders 
were noted at the time of study with the excep- 
tion of a positive sickle cell preparation. 

The clinical course of this disease is well docu- 
mented (1). lt runs an insidious course, charac- 
terized by malaise, cough, dyspnea, and weight 
loss. Occasionally, the appearance of the disease 
is preceded by symptoms and signs of respira- 
tory infection. There may be low-grade fever, 
chest pain, and, at times, productive cough. The 
sputum may be blood streaked. Later in the 
disease, cyanosis, clubbing of fingers, and pul- 
monary insufficiency become prominent. Bac- 
terial and mycotic infections may occur and 
complicate the disease process (1, 3-5). The di- 
agnosis of the disease is usually made by lung 
biopsy, as it was in this case. In one case re- 
ported by Carlson and Mason (2), the disease 
was tentatively diagnosed by examination of the 
sputum alone. In the present case the solid com- 
ponents of the sputum were found to contain 
proteinaceous material which is identical to 
that found in the pulmonary biopsy. It is possi- 
ble that histologic sections of the sputum may 
disclose the presence of the characteristic al- 
veolar exudate, and this may be useful in estab- 
lishing a tentative diagnosis before the pulmo- 
nary biopsy is taken. 

The pathogenesis of this disease is obscure. It 
has been suggested that an inherent defect of 
the pulmonary capillaries (6) or an immune 
reaction (7), In response to either exogenous or 
endogenous antigenic substance, may be respon- 
sible for the development of the disease. Al- 
though an infectious process may be involved, 
no causative agents have been demonstrated (1). 
Tuberculosis has been suspected in most re- 
ported cases, but there is only one documented 
case (8) in which active tuberculous infection 
preceded the development of this disease. 

Despite the resemblance of the exudate of the 
alveolar proteinosis to pneumocystis pneumonia, 
no organisms have been demonstrated in the 
former condition. The exudate of pneumocystis 
pneumonia appears to be more foamy, and the 
cystic form of organisms are invariably demon- 
strated with Grindley fungous stain or Grocott- 
Gomori methenamine silver stain. Furthermore, 
the pneumocystis infection usually occurs as a 
terminal complication of a severe debilitating 
condition or of a hematologic disease (9). Plenk 


and associates (10) reported that four of nine 
patients with alveolar proteinosis demonstrated 
positive reactions to a rather specific pneumo- 
cystis antigen. The relationship between this 
disease and pneumocystic infection is not clear, 
however. 

Since the roentgenographic changes are simi- 
lar, a study was made to correlate the histologic 
changes of alveolar proteinosis with pulmonary 
edema related to a great variety of underlying 
diseases, such as circulatory disorders, thrombo- 
embolism, neoplasms, bacterial and mycotic in- 
feetions, blood dyserasias, and many other con- 
ditions. Five hundred and thirty-two cases of 
pulmonary edema found in three thousand con- 
secutive autopsies at Duke Medical Center were 
reviewed. These cases were noted to differ from 
alveolar proteimosis in the climeai aspects, the 
over-all histologic features, and the basic proc- 
ess. It is believed that the changes seen in alveo- 
lar proteinosis are not related to pulmonary 
edema. 

Histochemically, the material in the alveoli 
contains large amounts of mucopolysaccharides 
and lesser amounts of lipid. It resembles that 
seen in caseous necrosis, and may actually repre- 
sent an altered inflammatory exudate or cellular 
debris. The possibility that it is due to abnormal 
protein metabolism of the alveolar or the bron- 
chial epithelial cells awaits further investigation. 


SUMMARY 


A case of pulmonary alveolar proteinosis in 
which the diagnosis was made by lung biopsy is 
discussed. In addition, a follow-up examination 
of the sputum was performed and correlated 
with the findings of the biopsied specimen. It is 
believed that histologic study of the sputum may 
be used for a tentative diagnosis of this disease. 
A brief review is made of the clinical pathologie 
features of the disease. 


SUMARIO 


Proteinosis Alveolar Pulmonar 


Se discute un caso de proteinosis de los alvéolos 
pulmonares en el que se hizo el diagnéstico por la 
biopsia pulmonar. Ademds, se hizo un examen 
subsiguiente del esputo y el resultado se correla 
cioné con los hallazgos en el ejemplar de la biopsia. 
Parece que cabe usar el estudio histolégico del 
esputo para un diagnéstico tentativo de esta do 
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lencia. Se ofrece una breve resefia de las caracte- 
clinico-patolégicas de la enfermedad. 


RESUME 


Protéinose pulmonaire alvéolaire 


La discussion porte sur un cas de protéinose 
pulmonaire alvéolaire dans lequel le diagnostic 
fut effectué grace A une biopsie pulmonaire. En 
plus, on pratiqua une étude suivie de l’expectora 
tion et on la rattacha aux données de |’échantillon 
de biopsie. On croit que l'étude histologique de 
Vexpectoration peut étre utilisée pour essayer de 
diagnostiquer cette maladie. Les auteurs font une 
courte revue des traits clinicopathologiques de la 
maladie. 
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INTRODUCTION 


Primary fibrosarcoma of the bronchus con- 
stitutes one of the significant entities among sar- 
comas of the lung which, however, represents 
only a small proportion of the over-all malig- 
nancies of the lung. According to Drewes and 
Willmann (1), carcinoma of the lung is one to 
two hundred times as frequent as sarcoma of the 
lung. Ochsner and Ochsner (2), in agreement, 
record seven sarcomas of the lung as compared to 
890 cases of bronchogenic carcinoma. In 193%, 
Mallory (3), in reviewing more than 8,000 au- 
topsies at the Massachusetts General Hospital, 
found one primary sarcoma of the lung and 
Noehren and McKee (4) found only one sar- 
coma among 7,272 autopsies at U»: Kansas City 
Hospital. Donohue and his associates (5) found 
only one primary fibrosarcoma of the bronchus 
among 11,626 patients who had undergone bron- 
choscopy at the Mayo Clinic in the years 1945 to 
1956. 

Fibrosarcoma primary in the bronchus has 
been reported in only ten previous instances 
(table 1). While Drewes credits the first de- 
seription of primary sarcoma of the bronchus to 
Poisson and Robbin in 1856, a lack of deserip- 
tion makes it impossible to confirm many of the 
previously described tumors as definite fibro- 
sarcomas. Many of the early cases reported as 
primary fibrosarcoma of the lung were not 
clearly distinguished from the undifferentiated 
carcinomas, particularly the so-called “oat cell” 
tumor. Stout (6) has detailed definite criteria 
for the identification of those tumors which 
should be considered fibrosarcomas, and this has 
done much to eliminate previously existing con- 
fusion. He includes only those tumors which are 
composed of fibroblasts, producing collagen and 
reticulin fibers. This latter can be demonstrated 
by the silver-stained network around the indi- 
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vidual tumor cells. The individual cells are fusi- 
form and are arranged in bundles which tend to 
interlace either in gentle or abrupt changes of 
direction to give the appearance of curves or 
whorls. The extent of production of collagen and 
reticulin depends on the degree of differentia- 
tion of the tumor. Most true fibrosarcomas are 
well differentiated and slow growing with well 
differentiated collagen and reticulin fibers, little 
kyperchromatism or pleomorphism, and rare 
mitotie figures. Less differentiated fibrosarcomas 
have fewer collagen and reticulin fibers and show 
closely packed cells with many mitotie figures 
with pleomorphism and hyperchromatism of the 
nuclei. 

Grossly, the sarcomas of the bronchus have all 
been polypoid endobronchial tumors, with vari- 
ous degrees of extension through the bronchial 
wall into the lung parenchyma in a dumbbell 
fashion. Most have been reddish, lobulated, and 
quite vascular. The larger tumors projected 
along the contour of the bronchial lumen as long 
tongues of tissue. 

Black (7) in 1949 reviewed the previously re- 
ported cases of sarcoma of the lung and was able 
to find only five which had sufficient histologic 
description to confirm the diagnosis of fibrosar- 
coma according to the criteria of Stout. He re- 
ported one additional case in a 46-year-old 
woman who is the oldest patient thus far re- 
ported. Since then, four additional cases which 
appear to be well authenticated have been re- 
ported. The present writers have recently identi- 
fied one additional case which apparently makes 
the eleventh case to be reported. 


Case Report 


P.H. (History No. 24472), a 31-year-old white 
man, was admitted to the University Hospital on 
January 22, 1960, because of three episodes of 
right-sided pneumonia since August, 1959. He had 
been admitted previously in September, 1957, for 
neurolysis for a sciatic nerve injury incurred in an 
automobile accident, with fracture of the right 
pubis and dislocation of the right hip. As he had 
no respiratory symptoms at that time, a chest 
roentgenogram was not taken. He had episodes of 
pneumonia in August, October, and December, 
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TABLE 
REPORTED CASES OF 


FIBROSARCOMA 


Author 


Symptoms The rapy Results 


Baumetal.(10, 29 1's months’ cough,chest Bronchoscopy and ir- Died 33 months after on- 
11) F pain, weight loss radiation 18,630 r. set from tuberculosis. 
over years 


Johns and 18 2months’ cough, hemop- None. Large friable tu- | Died of tumor 15 months 
Sharpe (9) M tysis mor replacing right after onset. 
Ww lung; no metastases 


at autopsy 


Lewis (14) l4 1 month’s cough, cya Bronchoscopy and ir- | Living and well with nor- 
M nosis, pain, dyspnea radiation mal roentgenogram 
2'» years after onset. 


te 


Mallory (3) 13 months’ cough, pain, Exploratory thoracot Died of intrapulmonary 
F pleurisy, weight loss omy hemorrhage at opera- 
tion. 


Pollack (15) 19 7 months’ cough, pain, Bronchoscopy and ful- Living and well 6 vears 
gh, OSCOPY 

M fever, wheezing, guration o times later. Bronchoscopy, 
Ww weight loss bronchograms and 


roentgenogram negative 
at 31 months. 


Black (7) 46 9% months’ cough, fever, Left pneumonectomy Died of recurrent tumor 6 
F weight loss, hemop years and 5 months after 
operation. 


tysis, recurrent ‘‘flu’’ 


Carswell and 5 months’ cough, dysp- | Left pneumonectomy Living and well 74 
Kraeft (12) M nea, pain, wheezing, months later with nor 
mal bronchoscopy. 


pneumonitis 


Curry and 13. 6 weeks’ cough, wheez- Coughed up tumor. Living and well with nor- 
Ss Fuchs (8) F ing, pain, hemoptysis Bronchoscopy showed mal roentgenogram 4 
Ww no residual tumor years and 3 months after 


onset. 


Donohue, An 5'6 14 months of recurrent Right pneumonectomy Living and well 3 months 
dersen, and F fever (?—rheumatic); after operation. Lost to 
Me Donald (5) W 6 months’ cough follow-up since. 


Holinger et al. 5's 7 months’ cough, fever, Resection, right middle Postoperative course un 
(13) M hemoptysis, pneu and lower lobes eventful. 
monitis 


Webb and Hare 31 5 months’ cough, fever, Right pneumonectomy — Living and well with nor 
(presentcase) M wheezing, pneumonitis mal roentgenogram 15 
Ww months after operation. 


1959, all of which required hospitalization and monitis.” At the time of admission he had per- 
gradually responded to antimicrobia! drugs. In be- sistent wheezing and a cough productive of one- 
tween the episodes the patient had no chest pain, fourth of a cup of thick, yellow sputum daily. He 
fever, dyspnea, arthralgia, anorexia, or weight loss. had smoked one and one half packages of ciga- 
Roentgenograms taken at each hospitalization re- _rettes daily for over ten years. 

vealed a right mid-lung infiltrate diagnosed as Physical examination: The patient’s temperature 
“virus pneumonia,” “lobar pneumonia,” and “pneu- was 99°F.; pulse, 72 per minute; blood pressure, 
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110 systolic, 70 diastolic in mm. of mercury; respi- 
rations, 18 per minute. He was well developed and 
well nourished. The right side of the chest showed 
a marked lag and the right diaphragm did not de- 
scend with inspiration. The right lung was dull to 
percussion at the base, with diminished breath 
sounds and respiratory wheezes. The left lung and 
heart were normal and the liver and spleen were 
not palpable. The right leg was atrophied with a 
peroneal palsy. 

The chest roentgenograms (figure 1) showed a 
multilobulated, fairly well circumscribed mass in 
the right hilus extending inferiorly which appeared 
to involve both the middle and lower lobes. There 
were several small calcific deposits around the 
mass. Laminagrams (figure 2) revealed many cal- 
cific deposits in the right hilus and perihilar areas 
and a large, well circumscribed soft tissue mass 
with smooth rounded borders. This was intimately 
associated with the right main stem bronchus and 
extended out from the hilus on a broad base into 
the anterior portion of the lung. Distal to the mass 
were multiple cavities up to 2 cm. in diameter. 

Laboratory data revealed a leukocyte count of 
3,850 with 8 bands, 45 neutrophils, 3 eosinophils, 
38 lymphocytes, and 6 monocytes. The urinalysis 
was negative. The hemoglobin was 152 gm.; 
hematocrit, 48.5 per cent. A fasting blood glucose 
was 93 mg. per 100 ml.; nonprotein nitrogen, 43 
mg. per 100 ml.; total protein, 75 gm. per 100 ml., 
with 49 gm. albumin and 26 gm. globulin; pro- 
thrombin time 43 per cent of normal. Several 
sputum specimens and gastric washings were nega- 
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tive for acid-fast bacilli and fungi on microscopy 
and culture. The tuberculin and blastomycin skin 
tests were negative; the histoplasmin skin test 
was strongly positive. The histoplasmin comple- 
ment-fixation antigen one was positive at 1 to 32; 
antigen two, positive at 1 to 16. 

Bronchoscopies on January 28, 1960, January 
30, 1960, and February 16, 1960, each revealed a 
large white mass covered with gliary mucus which 
appeared very friable and nonvascular. It almost 
completely occluded the right main stem bronchus 
with only a slitlike opening extending antero- 
medially and inferiorly along the main stem bron- 
chus as if the mass was projecting up from the 
distal bronchus into the trachea. Numerous large 
biopsies were obtained at each bronchoscopy, and 
each revealed only necrotic tissue and exudate with 
a few nonspecific cells. On one occasion it was 
thought that the caseation with flecks of calcium 
was suggestive of histoplasmosis. 

On February 20, 1960, a right pneumonectomy 
was performed. The polypoid projection of the 
tumor extended up past the carina but was not 
attached to the right main stem bronchus so that 
there was adequate free tissue for closure of the 
bronchus. 


Gross pathologic findings: The lung weighed 
540 gm., with aeration of the upper lobe but 
with evidence of pneumonitis in the middle lobe 
and in the anterior portion of the basilar seg- 
ments of the lower lobe. T! 2 main stem bronchus 


Fic. 1A and B. Posteroanterior and right lateral chest roentgenograms showing the right 
subhilar mass with infiltration extending into both the right middle and lower lobes. 
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Fic. 2. Laminagram showing well-circumscribed nature of the right subhilar mass. 


was almost completely occluded by a mass of 
pinkish-white translucent tissue that assumed 
the shape of the main stem bronchus, with a 
branch extending approximately 2 cm. into the 
right upper lube bronchus (figure 3). The mass 
extended free in the lumen for 6 em. down the 
bronchus before infiltrating into the lung tissue 
of the middle and lower lobe. It measured more 
than 9 em. in length, being 1.8 em. in diameter at 
the top but more than 5 em. in diameter after 
it extended into the -middle lobe. The distal 
bronchioles of the right middle lobe and anterior 
and medial basilar segments of the right lower 
lobe were filled with thick, tenacious vellow-red 
mucus. Six lymph nodes from the specimen 
showed anthracosis, but no evidence of metasta- 
ses, 


Microscopic findings: The frozen section ob- 
tained by biopsy at thoracotomy showed large 
coarse bundles of fibroblasts growing in various 
directions. Large numbers of inflammatory cells, 
particularly plasma cells, were admixed with the 
fibroblasts. A diagnosis was made of “probably 
low-grade fibrosarcoma.” 

In the permanent sections prepared from the 
entire right lung the main mass of the tumor was 
found to be composed of cells which generally 
had a bipolar structure. These extended irregu- 
larly in large and small bundles through all pul- 
monary structures, wiping out normal architec- 
ture (figure 4). While some of these consisted 
only of a nucleus and pink cytoplasm, many of 
them showed definite collagen fibrils at the two 
ends of the cell. The nuclei of these cells, both 
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those not showing collagen fibers and to a lesser 
extent those with fibers, frequently showed a 
single pink nucleolus in a vesicular nucleoplasm. 
The nuclei were large and potato shaped, some- 
times with an indentation in one side. Thus, most 
of the cells were readily identifiable fibroblasts, 
both young and old, undergoing fairly rapid pro- 
liferation. No definite mitotic figures were ob- 
served. The fibroblasts frequently coursed ir- 
regularly through the tissue, but in many areas 
they were arranged in dense bundles, having the 
appearance of overrunning and destroying pre- 
existent tissues. 

A Wilder’s silver reticulum preparation (fig- 
ure 5) confirmed the fibroblastic nature of the 
tumor. The fibrils also gave the typical green 
color of collagen with Gomori’s modification of 
the Masson Trichrome stain. In the lung paren- 
chyma proper, the alveolar pattern was de- 
stroyed, thus contrasting sharply with usual 
forms of fibrosing pneumonitis. In the bron- 
chioles, the tumor extended to the epithelial 
surface but, sor ewhat surprisingly, usually did 
not cause ulceration (figure 6). The reserve cells 
of the mucosa commonly showed marked hyper- 


plasia, but the columnar cells overlying them 
usually persisted, and retained their cilia. 
In all sections of the tumor there was a sur- 
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prising number of plasma cells. These were not 
noted to any significant degree in the lung out- 
side of the tumor proper. While plasma cells are 
occasionally present in and around various neo- 
plasms, previous reports of fibrosarcomas of the 
lung have not stressed their presence, a point 
which almost certainly would not have been 
omitted had they been as prominent as in the 
present case. 

The fibroblasts exhibited a striking tendency 
to penetrate the bronchial walls, where the car- 
tilaginous rings were destroyed and the normal 
smooth muscle bundles were widely separated 
and frayed. When the tumor extended into the 
lumen of the bronchus as a polypoid projection, 
ulceration was constant. 

There was no sharp line of demarcation around 
any margin of the tumor. The fibroblasts merely 
blended with normal lung parenchyma, and it 
was impossible to state the exact point at which 
neoplasia ended. Only minimal pneumonitis was 
noted at the margins of the tumor, and many 
times the tumor blended with what appeared to 
be normal lung. 

In a subpleural location, some distance from 
the tumor proper, were several hyalinized granu- 
lomas measuring up to 6 mm. in maximal di- 
ameter. While these were not calcified, they were 


Fic. 3. Picture of the resected right lung showing tongue of tumor projecting out of the 
main stem bronchus and into the upper lobe bronchus. 
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Fia. 4 (Top). Photomicrograph (70) of fibrosarcoma showing typical coarse bundles of 


bipolar cells. 
Fic. 5 (Bottom). Photomicrograph 
firming the fibroblastic nature of the tumor. 


well encapsulated with hyaline sear tissue and 
appeared inactive. No organisms were seen in 
tLe granulomas in the hematoxylin and eosin 
or acid-fast preparation, but large numbers of 
organisms with the classical appearance of Histo- 
plasma capsulatum were seen in a Gomori’s silver 
methenamine preparation (figure 7). After find- 
ing these organisms in the granulomas, the tu- 
mor sections, normal jung, and bronchial exudate 


(70) of Wilder’s silver reticulum preparation, con- 


were reviewed, but no Histoplasma at all was 
found outside of the granulomas. 

Follow-up study: The postoperative course 
was completely benign and the patient was dis- 
charged on the eighth postoperative day. He 
has remained completely asymptomatic, is work- 
ing iull time, and has gained more than ten 
pounds since discharge. At his most recent follow- 
up examination on May 12, 1961, he stated that 
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Fic. 6 (Top). Photomicrograph (70) showing tumor extending to the bronchial mucosa 


without producing ulceration. 


Fic. 7 (Bottom). Photomicrograph (450) of Gomori’s silver methenamine preparation 
of subpleural granuloma showing typical Histoplasma capsulatum organisms. 


he had minimal dyspnea on severe exertion but 
much less than prior to operation. His physical 
examination and roentgenograms showed no evi- 
dence of recurrence of the fibrosarcoma. 


DiscussION 


Noehren and McKee, in a survey of thirty- 
five cases of all types of sarcoma of the lung, 


found the highest age incidence in patients in 
the third decade and the second highest in pa- 
tients between fifty and sixty years of age. Ac- 
cording to Stout, fibrosarcoma of all sites or 
origin appears to be a disease of young people, 
with the greatest frequency in the third decade 
of life. Fibrosareoma of the bronchus appears to 
involve primarily the younger age group: two 
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of the patients were five and one-half years of 
age, five were in their teens, two were twenty- 
nine, one was thirty-one, and the oldest was 
forty-six years of age. There appears to be no 
predominant sex distribution, as five were fe- 
males and six were males. 

Fibrosarcomas of the bronchus are of clinical 
importance, not only because of their malignant 
nature, but because of their location and obstruc- 
tive potential. The symptoms are principally 
those of obstruction. Cough, usually productive, 
Was present in every one of the reported cases, 
and most patients have had repeated episodes of 
lower respiratory infections. Wheezing was fre- 
quent, and hemoptysis is reported as having oc- 
curred in at least four of the patients. 

The roentgenographie appearance in virtually 
all eases has been that of a pneumonia and this 
has usually been the initial diagnosis, although 
several observers have recognized that the lobar 
or segmental nature of the lesions suggested a 
pneumonitis distal to an obstruction. 

It is significant that, in nine of the reported 
cases, bronchoscopies were performed, and in 
eight instances the tumor was demonstrated. In 
the case of Curry and Fuchs (8), bronchoscopy 
revealed the apparent site from which the tumor 
had been expectorated although no residual tu- 
mor was demonstrable. In the autopsy case re- 
ported by Johns and Sharpe (9), bronchoscopy 
had not been performed, but from the deserip- 
tion of the tumor it could have been visualized 
by bronchoscopy. 

Most of the tumors have arisen from the main 
stem bronchi or in a lobar bronchus and have 
projected outward in a polypoid fashion, show- 
ing a tendency to grow into and along the bron- 
chial lumen. The present case grew thus as the 
tongue of projecting tissue extended 6 em. up the 
bronchus from its site of origin and bifureated 
into the upper lobe bronchus. It is significant 
that in describing 14 cases of endobronchial tu- 
mors other than bronchogenic carcinoma, Dono- 
hue, Andersen, and MeDonald (5) found one ease 
of fibrosarcoma of the bronchus and this was the 
only malignant tumor of the bronchus of non- 
carcinomatous origin. All the others were benign 
though, nevertheless, important clinically be- 
cause of their obstructive nature. 

The treatment of these patients has been most 
unusual as all forms of therapy have been tried 
with surprising success. As these tumors are 
slow growing, it is possible that the ten-year 


follow-up study will be more significant as to 
ultimate fate than the five-year follow-up. Ex- 
pectoration of the tumor was apparently cura- 
tive in the case of Curry and Fuchs (8), as this 
patient was still living and well with a normal 
roentgenogram four years and three months 
after onset of her symptoms. Two of the patients 
were treated by bronchoscopic removal of the 
tumor followed by irradiation. One of these died 
of tuberculosis thirty-three months after onset 
with no evidence of residual tumor at autopsy. 
The other was living and well with a normal 
roentgenogram two and one-half years after the 
onset. Another, treated by bronchoscopy and 
fulguration, which in general would seem to be 
poor therapy, was still living and well six years 
later, having had completely negative bronchos- 
copy, bronchograms, and roentgenographic find- 
ings thirty-one months post onset. Six of the 
patients had been subjected to operation, one 
dying at operation from intrapulmonary hemor- 
rhage from the tumor, and another dying of 
metastases six years and five months after pneu- 
monectomy. Three others had pneumonectomies, 
and one a right bilobectomy, with good results 
after a limited follow-up period. In view of the 
dumbbell nature of this tumor which projects 
both intraluminally intraparenchymally, 
bronchoscopic removal would not seem to be the 
treatment of choice. Total excision of the lesion 
appears to be the best therapy and probably 
should be limited to lobectomy whenever this is 
sufficient to totally cireumscribe the local lesion. 


SuMMARY 


The eleventh confirmed case of fibrosarcoma of 
the bronchus is reported. This lesion presents a 
definite clinical entity, with symptoms of bron- 
chial obstruction and a tumor which can always 
be demonstrated bronchoscopically. Even though 
cures have been reported by irradiation, fulgura- 
tion, and expectoration of the tumor, it is be- 
lieved that limited pulmonary resection is the 
treatment of choice for these lesions. 


SuMARIO 


Fibrosarcoma Primario del Bronquio 


Se presenta el undécimo caso confirmado de 
fibrosarcoma de un bronquio. La lesién constituye 
una entidad clinica bien definida con sintomas de 
oclusién bronquial y un tumor que puede obser- 
varse siempre broncoscépicamente. Aunque se han 
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descrito curaciones con la irradiacién, la fulgura- 
cién y la expectoracién del tumor, parece que la 
reseccién pulmonar limitada es el tratamiento de 


eleccién para estas lesiones. 
RESUME 
Fibrosarcéme primaire des bronches 


Les auteurs rapportent le onziéme cas confirmé 
de fibrosarcéme des bronches. Cette lésion pré- 
sente une entité clinique nette avee des symp- 
témes d’obstruction bronchique, et une tumeur 
qui peut toujours étre prouvée a la bronchoscopie. 
Bien qu'on ait rapporté des guérisons par irradia- 
tion, electrocoagulation, et expectoration de la 
tumeur, on croit qu'une résection pulmonaire 
limitée est le traitement de choix. 
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PERIPHERAL NEUROPATHY DUE TO ETHIONIAMIDE’ 


GRAHAM W. POOLE anv J. SCHNEEWEISS 


(Received for publication March 20, 1961) 


INTRODUCTION 


Various difficulties may be attendant upon the 
use of new drugs. Some quickly reveal them- 
selves, while others, perhaps due to affect only 
a small minority of patients, manifest them- 
selves much later (1). While using ethioniamide 
recently such a problem was encountered, and 
this case report is published in the hope that it 
may contribute to a fuller understanding of the 
properties of this drug. 


Case Report 


J.W., aged fifty-five years, was admitted to the 
hospital on March 3, 1959, with an exacerbation of 
long-standing pulmonary tuberculosis first diag- 
nosed in 1947. Tubercle bacilli were present in his 
sputum on both microscopy and culture. 

The patient had several periods of treatment in 
sanatoriums and hospitals and antituberculosis 
drugs were given from 1950 in a variety of courses. 
In 1952 isoniazid was used alone, and as a result 
the patient’s organisms became resistant to this 
drug. The organisms subsequently also became re- 
sistant to streptomycin, probably due to the fact 
that the patient did not take para-aminosalicylic 
acid (PAS) regularly. During the year 1957 iso- 
niazid was given alone in the relatively large dos- 
age of 600 mg. daily. This was done in the face of 
known resistance to isoniazid in the hope that, as 
has been suggested, large doses of isoniazid given 
alone in such cases might still be effective. Iso- 
niazid therapy with such a massive dose has since 
been shown to be of questionable value (2). 

In February, 1959, the patient’s general condi- 
tion deteriorated. He complained of considerable 
lassitude, increase in the cough and sputum previ- 
ously present, and a chest roentgenogram showed 
considerable extension of the disease on the left 
side. His sputum contained tubercle bacilli, still 
resistant to streptomycin and isoniazid. This, to- 
gether with the patient’s refusal to take PAS, led 
to treatment with two of the newer drugs, to both 
of which the tubercle bacilli were known to be sus- 
ceptible. This treatment, comprising 1 gm. of 
ethioniamide and 2.5 gm. of pyrazinamide daily in 
divided doses, was commenced in March, 1960. 

There was an excellent response to the treat- 
ment. The patient’s pyrexia subsided, his weight 
increased, and spvtum diminished. There was satis- 
factory roentgenographic improvement, and spu- 


*From the Hammersmith Chest Clinic and the 
Postgraduate Medical School, Hammersmith Hos- 
pital, London, England. 


tum cultures became negative for a time. Serial 
liver function studies showed no toxic effect re- 
sulting from the use of pyrazinamide. The usual 
hyperuricemia occurring with the administration 
of this drug was noted (3). After two months of 
treatment the patient complained of shooting pains 
in both feet, a sensation of swelling and numbness 
about the soles of the feet, and occasional tingling 
in the toes and fingers. 

On clinical examination no abnormal signs were 
found, and roentgenograms of the hands and feet 
showed no abnormality. The symptoms gradually 
increased. Early in August, 1959, antituberculosis 
chemotherapy was temporarily suspended, and it 
appeared that the symptoms regressed. With the 
resumption of treatment, however, the symptoms 
again increased and the patient described a burn- 
ing sensation in both hands and feet. At this time 
the patient had become depressed and somewhat 
garrulous and argumentative. Examination of the 
calves, feet, and toes showed a tenderness to pres- 
sure, and he experienced distressing dysesthesia 
which persisted for many seconds after the stimu- 
lus had been removed. There was considerable 
impairment of vibration sense from the iliac crest 
downward. Joint position sense in the feet was 
impaired. The knee jerks were exaggerated and 
the ankle jerks were absent. The severe dysesthesia 
made it impossible to assess his plantar responses. 
There was considerable tenderness of the fingers 
with some hypalgesia. The arm reflexes were all 
brisk. 

Lumbar puncture showed clear colorless cerebro- 
spinal fluid under normal pressure, the protein con- 
tent being elevated to 80 mg. per 100 ml., with no 
increase in cells. His electroencephalogram was 
normal. The serum By level was within normal 
limits. Treatment with all drugs was suspended 
and the patient was given oral pyridoxine and 
pantothenic acid. 


Since the suspension of pyrazinamide and 
ethioniamide in September, 1959, there has been 
slow, but progressive improvement. The patient’s 
mental state has improved and the signs of pe- 
ripheral neuritis have substantially regressed. 
There are no abnormal signs now in the upper 
limbs. Vibration sense is still depressed over the 
toes, but is normally appreciated at the ankles. 
Postural sense is depressed only in the toes. 
Sensation over the legs is normal, although some 
hyperalgesia and hyperesthesia over the dorsum 
of the feet remain. The ankle jerks are still ab- 
sent. The plantar response is now clearly ex- 
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tensor, suggesting a myelopathic component to 
the recent neuropathy. The protein content in 
the cerebrospinal fluid has reverted to normal. 


CoMMENT 


The patient is considered to have a toxic 
peripheral neuropathy, presumably due to eth- 
ioniamide. When his treatment was first sus- 


pended, his symptoms rapidly regressed, but re- 
curred more severely when treatment was again 
instituted three weeks later. Ethioniamide ther- 
apy was therefore stopped, but this time symp- 
toms and signs of neuritis were much slower in 
resolving. Twelve months later, despite continu- 
ing improvement, some residual sensory deficit 


remains. 

Neurotoxie effects, possibly due to ethioniam- 
ide, have been previously reported by Brouet and 
associates (4). They recorded four cases, but in 
none of these was ethioniamide shown to be the 
definite cause. Convulsions were observed in two 
of their patients under treatment with ethionam- 
ide and eycloserine, and the latter drug could 
presumably have been responsible for their pro- 
duction. In the third patient, who had _ previ- 
ously received isoniazid in high dosage for a 
great length of time, symptoms of polyneuritis 
developed during combined therapy with iso- 
niazid and ethioniamide. A fourth case is re- 
corded in which treatment with isoniazid was 
complicated by symptoms of neuritis which im- 
proved when the drug was suspended. Within 
three days of commencing treatment with eth- 
ioniamide these symptoms reappeared, only to 
disappear once again after this drug was sus- 
pended. 

Both isoniazid and ethioniamide are deriva- 
tives of isonicotinie acid and there are some 
chemical similarities between the two com- 
pounds. 


C—NH, NH, 


Isoniazid Ethioniamide 


Studies of ethioniamide analogues have shown 
that the ethyl group in ethioniamide enhances 
activity, but the simpler compound with no 
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ethyl group has a qualitatively similar type o1 
antituberculous activity. Isoniazid is a hydrazide 
of isonicotinic acid, and ethioniamide is a thio- 
amide of this acid. The absence of cross re- 
sistance between isoniazid and ethioniamide, de- 
spite the chemical relationship between these 
substances, would suggest that the underlying 
mechanism of antimicrobial activity is different. 
In fact, ethioniamide has an action which may 
resemble that of the thiosemicarbazone deriva- 
tive, thiacetazone. From this it would seem that 
the thioamide group is more significant in the 
antituberculous action of ethioniamide than the 
fact that it is a derivative of isonicotinie acid. 
Although isoniazid and ethioniamide are derived 
from the same product and there are some 
pharmacologic analogies between them, toxic re- 
actions to these drugs are not necessarily simi- 
lar when they are successively administered to 
the same patient. In the present case large 
doses of isoniazid alone had previously been ad- 
ministered for a whole year without the develop- 
ment of any toxic symptoms. 

Pyridoxine has been shown to prevent the 
emergence of peripheral neuritis due to isoniazid 
toxicity (5), and it has been suggested that it 
may be similarly effective when used with eth- 
ioniamide. Certainly, the drug should be sus- 
pended at the first sign of any neurotoxic effect. 

Cases of isoniazid toxicity have been reported 
in which a confusional psychosis and a periph- 
eral neuritis coexist (6). It has been suggested 
that cases of psychosis and neuritis which occur 
together in the same patient represent two dif- 
ferent types of toxicity due to isoniazid. This 
view is supported by the number of cases re- 
ported (7) in which pyridoxine appears to have 
prevented the emergence of peripheral neuritis, 
while not protecting the patients against the de- 
velopment of a toxic confusional psychosis. 

Without deserving the description of a toxic 
confusional psychosis, the patient of the present 
case evinced a definite mental change with de- 
pression, mild confusion, and excitement, gradu- 
ally reverting to his former mentgl state several 
months after ethioniamide had been suspended. 
Such a mental change following the administra- 
tion of ethioniamide has not previously been re- 
ported, and it seems likely (as is the case with 
isoniazid) that it and peripheral neuritis con- 
stitute different types of toxicity which may, 
however, occur together. 
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SUMMARY 
A case of peripheral neuropathy due to eth- 
ioniamide is reported. A mild toxie confusicual 
psychosis appeared to develop simultaneously. 
Toxic reactions tend to be specific for particular 
substances, and ethioniamide may thus evoke a 
toxie reaction in patients to whom isoniazid has 


previously been given without untoward effect 


Ethioniamide should be suspended at the first 
sign of any neurotoxic effect. Peripheral neu- 
ropathy may continue to improve over a long 
period, and some residual neurologic deficit may 
remain. 

SUMARIO 


Neuropatia Periférica Debida a la Etioniamida 

Preséntase un caso de neuropatia periférica 
debida a la etioniamida. Parecié presentarse si 
multdneamente una leve psicosis téxica de confu- 
sién. Las reaeciones de toxicidad tienden a ser 
especificas para sustancias dadas y la etioniamida 
puede por esto provocar una reaccién téxiea en 
enfermos a quienes se ha administrado antes iso 
niacida sin efecto desfavorable. Al primer signo 
del menor efecto neurotéxico, debe suspenderse la 
etioniamida. La neuropatia periférica puede con 
tinuar mejorando durante un perfodo prolongado 
y también puede quedar un déficit neurolégico. 


Resume 
Névrite périphérique due a Vethioniamide 


Les auteurs rapportent un cas de névrite péri 
phérique due a l'ethioniamide. Il sembla qu’une 


forme peu grave de psychose confusionnelle tox- 
ique se développa simultanément. Des réactions 
de toxicité tendent A étre spécifiques de certaines 
substances et l’ethioniamide peut ainsi provoquer 
une réaction toxique chez des malades A qui on 
avait donné auparavant de |isoniazide sans effet 
contraire. L’ethioniamide devrait étre arrété au 
premier signe d’effet neurotoxique. La névrite 
périphérique peut continuer a s’améliorer pendant 
longtemps, et quelques séquelles neurologiques de 
déficit peuvent persister. 


REFERENCES 

Ethionamide: Annotation, Lancet, 1960, 2, 964. 

Kirsuner, J. J.: Massive-dose isoniazid with 
pyridoxine in chronic pulmonary tuberculo- 
sis, Amer Rev Tuberc, 1958, 78, 474. 

ScHNEEWEISS, J., AND Poote, G. W.: Hyper- 
uricaemia due to pyrazinamide, Brit Med J, 
1960, 2, 830. 

Brovet, G., Marcue, J., Rist, N., CHEevALLIER, 
J., anp Le Mevur, G.: Observations on the 
antituberculous effectiveness of alpha-ethyl- 
thioisonicotinamide in tuberculosis in hu- 
mans, Amer Rev Tuberc, 1959, 79, 6. 

Brent, J. P., ann Vivrer, R. W.: Effect of iso- 
niazid on vitamin B.6 metabolism: Its possi- 
ble significance in producing isoniazid neuri- 
tis, Proc Soc Exp Biol Med, 1954, 85, 389. 

Hunter, R. A.: Confusional psychosis with 
residual organic cerebral impairment follow- 
ing isoniazid therapy, Lancet, 1952, 2, 960. 

Oreanick, A. B.: Toxie psychosis due to iso- 
niazid: Report of three cases with studies of 
patterns of isoniazid inactivation in the se- 
rum, Amer Rev Tubere, 1959, 79, 799. 


4 
892 
a2) 
(1) 
(2) 
(3) 
He 
(4) 
> 
2 
(5) 
(6) 
(7) 
‘ 4 
| 


Editorial 


The Big Push Ahead in Tuberculosis Control’ 


The disease, by whatever name it has been called 
—consumption, “the white plague,” tuberculosis— 
is retreating in America. The decade ahead of us, 
the sixties, will be decisive. We are determined, all 
of us here and many others, that the retreat of the 
tubercle bacillus shall inflict as few casualties upon 
our human resources as possible. 

To ensure that goal, the Arden House Conference 
on Tuberculosis was held late in 1959. A major rec- 
ommendation of that Conference was to make more 
widespread use of the antituberculosis drugs. The 
conferees at Arden House knew that to call for 
wider use of these drugs is one thing, but to develop 
realistic plans for accomplishing the task is some- 
thing else again. 

The unvarnished truth is that tuberculosis work- 
ers have found it increasingly more difficult to find 
the persons who have active tuberculosis today. It 
was relatively easy to apply mass measures when 
the problem was massive; it is impractical to apply 


those same measures when the tuberculous are few 


and scattered. In other decades, we could use “shot- 
gun” case-finding methods and mow down the tu- 
berele bacilli in huge numbers. Today, the charac- 
ter of tuberculosis control work requires case-finding 
methods to have the accuracy of high-powered 
rifles. Where we could once meet the tubercle bacil- 
lus in open, pitched battle, we must now seek out an 
enemy that has retreated into more elusive terrain. 

Let me illustrate what I mean: Many persons 
who have tuberculosis today are of a type which I 
characterize as “quicksilver cases.” These persons 
are known by local health officers to have active, in- 
fectious tuberculosis, but they are a here-today- 
gone-tomorrow kind of person. Many resist any 
treatment at all; others begin treatment, then dis- 
continue it too soon. Some will not accept hospital 
care; others go to a hospital but leave before treat- 
ment is complete. Worse still, many of these people 
slip out of the extensive tuberculosis surveillance 
network. What happens to these people is a large 
and costly question. It costs our nation about $700 
million to live with the tubercle bacillus each year. 
We can ill afford such expense when we know the 
disease is preventable. 


' Presented by Dr. Brightman at the Annual Con- 
ference of the New York Tuberculosis and Health 
Association, Inc., and the State Committee on Tu- 
herculosis and Public Health of the State Charities 
Aid Association, New York, New York, April 27, 
1961. 
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In upstate New York in 1959, about 13 per cent 
of the nonhospitalized tuberculous who needed 
medical treatment were without medical supervi- 
sion. Tuberculosis simply cannot be defeated in this 
kind of situation. In spite of all our efforts some 
persons with tuberculosis will live at home; they 
must be kept under medical suprevision and, when 
indicated, receive adequate drug treatment. The 
number of these people is small, but their unwitting 
capacity to spread disease and misery is large in- 
deed. 

In the face of these new problems in tuberculosis 
control, we have changed our public health strategy 
in upstate New York. The change is primarily one 
of emphasis and intensification of efforts in all 
phases of prevention, diagnosis, treatment, and re- 
habilitation. For example, case finding has two pri- 
mary objectives that inevitably lead to prevention 
of occurrence of new cases and to minimizing the 
ill effects of disease already present. The first is to 
find new cases of active tuberculosis in our popula- 
tion and to get these people under regular, super- 
vised treatment. This means hospitalization at the 
outset and until the disease is no longer considered 
infectious. 

The second objective is to seek out all persons 
in close contact with these newly discovered cases, 
to examine them promptly, and to get the active 
cases under medical care and the others under fol- 
low-up supervision. 

As you know, we no longer have a separate Divi- 
sion of Tuberculosis Control in our State Health 
Department; instead, tuberculosis control work is 
now done in our new Division of Chronic Disease 
Services. You are also no doubt aware that whereas 
we once had seven state tuberculosis hospitals we 
now have three. In the past five years, four tuber- 
culosis hospitals have been converted to other uses. 
All of these measures do not mean that we have lost 
interest in tuberculosis control work. Quite the con- 
trary, we are as concerned with it as before, and pos- 
sibly more excited about it because we have the 
opportunity of knocking out if we 
mobilize our forces properly. However, the nature 
of the tuberculosis control problem today is such 
that we no longer find it economical to have large 
numbers of people working to find a small number 
of cases through mass surveys, nor do we need 
nearly the number of tuberculosis hospitals as be- 
fore. A glance at the tuberculosis incidence charts 
of the past few decades tells this story eloquently. 
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In the past, many persons with active tubercu- 
losis were found by two methods. The first was gen- 
eral community roentgenographic surveys, and the 
second was obtaining routine roentgenograms of 
persons more than fifteen years of age admitted to 
general hospitals. In both methods, initial findings 
were followed up by the local health departments 
or in chest clinics conducted by tuberculosis hos- 
pitals. 

These mass survey methods appeared effective 
when tuberculosis was more prevalent, but in 1959 
and 1960 we thought it was time their effectiveness 
was critically reviewed. So we gave one of our epi- 
demiologists the job of evaluating our tuberculosis 
case-finding activities, and this is what he found: 
The number of cases found by mass survey methods 
among a similar number of persons examined had 
dropped from 454 in 1952 to 187 in 1958. During this 
seven-year period, the cost of finding a person with 
active tuberculosis by our two methods had jumped 
from $492 to $1,441 per tuberculous person found. 
(There were obvious differences, of course, in the 
relative yields and costs of the two methods.) 

Our evaluator then took a close look to see 
whether surveys of some groups in the population 
turned up fewer active cases than others (we are 
talking specifically about active tuberculosis diag- 
nosed by clinical and laboratory means and not just 
roentgenograms). The answer was, yes, some did. 
Surveys of students in high schools and colleges 
turned up the fewest—only 12 persons among 79,076 
surveyed at a high cost of $3,275 per active case 
found. 

Declining yields were also found among the gen- 
eral population, agricultural fair-goers, and em- 
ployee groups. These findings indicated to us that 
we could get better results if we carefully selected 
the groups to be examined roentgenographically. 
Our evaluator then found one promising clue in his 
hunt for a population group with a higher yield of 
undiscovered tuberculosis. 

His clue came when he compared two separate 
roentgenographic surveys of State employees—one 
of New York City residents, the other of upstate 
residents. The active cases per 1,000 found in New 
York City w-re 1.1; upstate, they were 0.2. This 
suggested that more urban surroundings contained 
more tubercalosis. Similar comparisons between 
more urban and less urban areas showed the same 
picture. Admission films in large hospitals in areas 
of 80,000 or more population showed consistently 
higher vields than those in small hospitals in less 
populous areas. 

Then another clue was turned up, not unexpect- 
edly. This one concerned age groups. In 1958, new 
cases of tuberculosis found among males fifteen to 
twenty-four vears old in upstate hospital surveys 
numbered only 02 per 1,000. However, for males 
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aged twenty-five to thirty-four, the figure was one 
per 1,000. Females in these two age groups had 
lower rates also. But in New York City the figures 
were significantly high even for the fifteen- to 
twenty-four-year group, the rate being 2.2 per 1,000, 
or higher than the figures for older group upstate. 

When the figures were all in, one thing was clear: 
We were not getting full value for resources ex- 
pended; as a matter of fact, less than 10 per cent 
of new active cases reported in 1959 came from gen- 
eral hospital and community surveys. The rest came 
from chest clinics and private practitioners. As 
noted before, between 1952 and 1957, the average 
variable cost of finding a previous unknown active 
case of tuberculosis increased from $492 to $1,441. 
To correct matters, this is what we did in upstate 
New York: 

We discontinued all roentgenographic screen- 
ings of low-yield populations. This included stu- 
dents, State employees, persons living in areas 
with less than 20,000 population, and persons less 
than twenty-five years of age in upstate New 
York. 

We intensified our roentgenographic screening 
among high-yield populations. This meant areas 
of more than 80,000 population. 

Finally, we intensified our use of central regis- 
ters for cases of active and inactive tuberculosis 
to give us better control of cases and contacts, 
and to give us a current picture of progress. 

The film surveys going on today are designed on 
the basis of our recent evaluation, and the policies 
followed have been discussed jointly and agreed 
upon by the medical leaders of our official and vol- 
untary agencies. We hope to concentrate greater ef- 
forts and resources on contact examination of active 
cases and to keep score at intervals to see our hits, 
runs, and errors. This kind of seore-keeping is too 
often left out of case-finding work. We need to find 
out what value we are getting for monies spent. As 
most of you know, contact examinations can pro- 
duce as high as fifty times more new cases as com- 
munity surveys. 

All local and district health officers in upstate 
New York have records of tuberculous persons in 
their jurisdictions. These records also list the per- 
sons in close contact with the tuberculous. What 
must be done is to keep control activities up-to- 
date by visiting the homes of the tuberculous, seeing 
that they keep to their drug treatments, periodi- 
cally examining those with whom they are in con- 
tact, and making sure that new cases found by 
contact examination get prompt and full treatment. 

The tuberculosis experts in our state and local 
hospitals believe today, as in the past, that every 
person with active, infectious tuberculosis should 
be isolated and treated in a facility set up for that 
purpose. I believe we should follow this advice. The 
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activity status of these hospitalized persons re- 
quires current evaluation; discharge is in order as 
promptly as possible for the benefit of both the pa- 
tient and the community. Our three state tubercu- 
losis hospitals have recently installed a check-up 
system so that uniform follow-up is accomplished 
with a minimum of effort. Their report for the 
quarter ending December 31, 1960, shows that the 
following percentages of patients had active tuber- 
culosis: Homer Folks, 99 per cent; Mount Morris, 
945 per cent; Ray Brook, 92.1 per cent. This is 
certainly optimal use of hospital facilities for active 
and infectious cases of tuberculosis. 

A one-year survey was made a few years ago of 
the social and economic problems of patients at the 
State Tuberculosis Hospital at Ray Brook. It 
showed that 116 of the 263 patients then in the 
hospital would probably become welfare clients 
when they were discharged. Eighty-one were con- 
sidered nonemployable by a counselor. About 52 
of the patients would have to change their occupa- 
tions, and needed rather intensive re-training. 

Among the 182 employable patients, 10 were 
chronic alcoholics; 2 others had histories of drug 
addiction. Ninety of the employable patients had 
less than a high school education, and 85 were 
classed as semi-skilled or unskilled; such workers 
are usually the last to be hired and the first to be 
laid off in industry. Fifty of these 85 employable pa- 
tients were more than forty years of age, and you 
know what often happens to this age group in the 
scramble for jobs. About 41 per cent of the total 
group were fifty years of age and older. Many of 
these older patients had other illnesses—heart dis- 
ease, hypertension, diabetes, arthritis, defective 
hearing, and other degenerative conditions. 

We need to make every effort to bring social and 
vocational counseling to these persons with mul- 
tiple handicaps. To do this, we need to work closely 
with other private and official agencies. I mention 
the social problems involved in caring for these 
patients because I think too often we forget that 
when we fight tuberculosis we fight far more than 
a germ; we do battle with a way of life and, unless 
we can do something to change the way of life some 
patients will return to, the over-all gain will be 
small indeed. This is why it is so very important 
that the local units of the State Committee on Tu- 
berculosis and Public Health lend the gentle hu- 
man touches that can help the arrested tuberculous 
patient return to a decent, tolerable existence. To 
find and to treat are good, but not good enough; we 
need also to restore and make whole again—physi- 
cally, emotionally, and socially. 

At the outset of my talk, I mentioned that the 
Arden House Conference on Tuberculosis had set 
broad priorities for tuberculosis control. At the 
same time, the conferees urged every state health 
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department to set its own intermediate goals and 
standards. These state blueprints are to be made 
available to the Public Health Service and the 
National Tuberculosis Association to help these 
two national groups set realistic national goals and 
standards, 

As a starting point, a committee of the Arden 
House group sent out suggested intermediate goals 
to state health departments. As I mention the 
Arden House suggestions to you, I will also give 
you the intermediate goals that we in the State 
Health Department have adopted for New York. 

The first intermediate goal suggested by the 
Arden House group was that the rate of new active 
cases of tuberculosis be reduced to 10 per 100,000 
by 1970. The present national rate is 33 per 100,000. 
Our 1960 rate of new active cases in upstate New 
York was 27 per 100,000, a provisional figure, but 
close enough; in New York City, the provisional 
figure was almost 64. 

The question now arises: Can we meet the sug- 
gested 1970 goal of 10 per 100,000? Upstate, I think 
we can. The average decline upstate in the past 
five years has been more than 10 per cent. If we 
can continue at this rate, we will meet the 1970 in- 
termediate goal of 10 per 100,000. New York City 
has a far tougher job and a far tougher problem. 
The decline rate there has been considerably less 
than 10 per cent in the past five years; in 1957 it 
actually increased 5.1 per cent. 

The second intermediate goal the Arden House 
Committee suggests is this: “For the community, 
control of the spead of infection to the point where 
not more than one per cent of the 14-year-olds re- 
act to tuberculin.” We think that this Arden House 
goal is feasible by 1970 in upstate New York. 

The next recommended goal of the Arden House 
Committee is to get a complete diagnosis of at 
least 75 per cent of the people with suspicious chest 
films. As you know, a suspicious roentgenogram 
does not mean a diagnosis of tuberculosis. All that 
it tells us is that a careful “work-up” is needed. We 
think that the Arden House goal of achieving defi- 
nite diagnoses in 75 per cent of suspected tubercu- 
lous persons is too low for New York. When we do 
mass roentgenographic screening of communities 
and special groups we are able to get satisfactory 
follow-up diagnoses of 85 per cent of the suspected 
cases. In our hospital admission film program, the 
figure is 75 per cent, but we are not satisfied with 
this performance. 

The next standard of the Arden House Commit- 
Within two months after a tuberculin 
survey, at least 90 per cent of the tuberculin reactors 
should receive chest roentgenograms. We think 
this is a reasonable goal for New York. 

The Arden House group next recommends that 
all persons in close contact with those newly dis- 
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covered to have active tuberculosis be examined 
for the disease. They say that these examinations 
should be completed by January 31 of the year fol- 
lowing their reported discovery. We think this is 
too long a delay for New York. A person known to 
be in close contact with someone who has active 
disease ought to be examined within three months 
of the discovery. We accept that 90 per cent is a 
reasonable proportion to examine, but we think 
that the examination ought to be done within three 
months. In the mobile population we are dealing 
with today, too many people move away or become 
lost to surveillance before we get to them. 

The Arden House Committee’s next suggested 
standard is that at least 75 per cent of the people 
with newly reported active tuberculosis and with 
sputum positive for tubercle bacilli be treated so 
as to reverse their status to noninfectious within 
six months. We think that 75 per cent is too low 
Experience indicates that reversal of infectiousness 
in 90 per cent of these people within six months is 
possible when today’s drugs are skillfully adminis- 
tered 

The Arden House Committe also recommends 
that, at any given time, 90 per cent of the persons 
known to have active tuberculosis be in a hospital 
or under drug treatment elsewhere. They also be- 
lieve that at least 80 per cent of the people living 
at home with active tuberculosis should have had 
examinations within the preceding six 
We will need to improve our record to 


sputum 
months 
accomplish this 

The intermediate goals we have adopted for this 
decade are all feasible. It is our firm intention to 
pursue them jointly, with the voluntary tuberculo- 
sis associations, at every level of government and 
group living. 

Let me emphasize one point: Tuberculosis con- 
trol is primarily a local task. It must be done lo- 
cally because that is where the problem exists. The 
State Health Department has the specialists who 
ean give sound guidance in tuberculosis control, but 
they can work only through local groups. The pub- 
lic health nurses, the general practitioners, and the 
chest specialists make up the key group in the vast 
job of follow-up services 

I think that the way to put spark into tuberculosis 
control work today is to organize Arden House—type 
conferences on a county and large city basis. The 
health officer should take the lead and work hand- 
in-hand with the executive secretary of the tuber- 
culos’s and health associations and the nearest tu- 
berculosis hospital director; determine the extent 
and characteristies of the local problem; inventory 
the resources: evaluate each of the control ac- 
tivities and 
terms. In this way the deficiencies will show up 
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Then it is possible to do something about them, 
systematically and on a time schedule. Actually, 
there is nothing new about tuberculosis control in 
the big push ahead. The same principles and pro- 
cedures hold true, but we need to change our prior- 
ities and concentrate our efforts where they will do 
the most good. We need to apply modern business 
methods to tuberculosis control and make certain 
that we are receiving epidemiologic values for both 
publie and private funds being spent. This requires 
the most skillful program planning, execution, and 
continuing evaluation. 

A word or two about tuberculin testing should be 
added at this point. The State Health Department 
and the State Committee on Tuberculosis and 
Public Health have made a joint statement to guide 
tuberculin-testing practices in the State. 

These are the main points emphasized in that 
statement: In the clinical testing of individuals, the 
tuberculin test is a valuable tool in differential di- 
agnosis. When a person with active tuberculosis is 
discovered, all household contacts and other close 
associates should receive a tuberculin test, and re- 
actors should be examined roentgenographically. 
Nonreactors should be retested within six months 
and at intervals thereafter, as the physician de- 
termines. Those who change from nonreactors to re- 
actors, especially children less than five years of 
age, should be considered as candidates for chemo- 
therapy. The tuberculin test is a necessary step 
prior to BCG vaccination. 

Analysis of mass tuberculin testing as a case-find- 
ing procedure indicates that active tuberculosis has 
seldom been found by routine tuberculin testing 
among school children or among the household con- 
tacts of children who are positive reactors. Some 
exceptions to this may be found in schools located 
in low-income areas or wherever the prevalence of 
tuberculosis is high. 

When active tuberculosis is found in a student or 
in a school emplovee, it is recommended that any 
student in direct contact with the active case be 
tuberculin tested and chest films obtained of posi- 
tive reactors. Testing should be deferred if the stu- 
dent has been exposed to the active case recently. 
Cost records should be kept in any tuberculin test- 
ing of school groups. By doing this, it is possible to 
determine the cost of finding a new active case. The 
Testixnc Hanpsook published in 1958 
by the National Tuberculosis Association is a sound 
guide for designing records and reports 

The tuberculin test is sometimes worth using to 
sample the prevalence of tuberculous infection in 
a group or a community. Testing and retesting of 
random samples of the same population at appro- 
priate intervals shows the trends in levels of in- 


fection. Used in this way, the tuberculin test can 
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be a useful tool in evaluating control work. A 
reasonable approach is to test samples of the school 
population on entrance to school, and again during 
adolescence or upon leaving school. Sampling for 
the prevalence of tuberculosis should be scheduled 
periodically within each region of the State. 

When mass tuberculin testing is done, for what- 
ever purpose, individuals who show reactions of 
10 ml. or more should be followed up. Studies 
show a strong correlation between the size of the 
tuberculin reaction and the risk of developing ac- 
tive disease later on. The Mantoux test is preferred. 
PPD is recommended for Mantoux or intradermal 
tests; the dosage is 5 TU when a single test is used. 

In interpreting tests, it is best if at least two per- 
sons make independent interpretations. The largest 
transverse diameter of induration should be meas- 
ured in millimeters and classified in one of four 
groups—zero to 4 ml., 5 to 9 ml., 10 to 19 ml. and, 
finally, 20 ml. or more. The Mantoux test should 
be read at forty-eight hours to seventy-two hours. 
A positive test is usually 5 ml. or more of reaction. 
For the Heaf test, four or more indurated points 
are considered a positive reaction. The test should 
be interpreted five to seven days afterwards. 

* * * 

Now I would like to touch briefly on some of our 
current efforts to understand other lung diseases. 
Chronic bronchitis and emphysema seem to be on 
the upswing in our nation. In England these dis- 
eases comprise the third leading cause of death. 
No one really has learned the reasons why. The 
finger of suspicion has been pointed at several pos- 
sible factors. Air pollution is one of the suspects. 
Indirect associations have been found between air 
pollution and various lung diseases, but of direct 
knowledge we have far too little. 

Publie support for air pollution control work has 
been less than it would have been if we had direct 
proof that polluted air causes specific ill effects to 
the lungs. Plans to attack this problem are now in 
process under the auspices of the State and Erie 
County health departments. A study of the depart- 
ment-supported Chronic Disease Research Insti- 
tute in Buffalo will try to determine whether any 
link exists between certain kinds of air pollution and 
breathing capacity. Nineteen air-sampling stations 
to be positioned around the Buffalo area will collect 
air to find out which areas have high and low levels 
of two common pollutants—sulfur dioxide and solid 
particles. While this is being done, vital lung ca- 
pacities are being measured among a random sam- 
ple of people. These results will be correlated with 
the findings of high and low pollution areas. This 
study marks a pioneering effort in understanding 
the health effects of air pollution in our State 

The Chronic Disease Research Institute also set 
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up an Emphysema and Chronic Bronchitis Re- 
search Clinic in September of 1959. A major focus 
of work in this Clinic has been to develop better 
methods of measuring pulmonary efficiency. Re- 
lated studies are analyzing the effects of cigarette 
smoking, air pollution, occupational exposure, and 
family history of these two conditions. 

The main point I wish to make is that the State 
Health Department is greatly concerned about the 
effect of chronic pulmonary diseases on the health 
of our people. At the same time that we are giving 
special attention to the retreating tuberculosis 
menace, we must also give special attention to the 
smoldering problems of other chronic lung diseases. 
This is especially important because of the in- 
creased prevalence of these diseases among older 
persons and the increasing proportion of older 
persons in our population. 

This is a brief review of what we are thinking 
about and what we are doing in tuberculosis control 
and in the study of other lung diseases in the state 
and local health departments. 

It is very good that those of us in public health 
and clinical medicine can get together with you who 
give freely of vour time and effort in the tubercu- 
losis and health associations. It is good for mem- 
bers of our two organizations to have an 
portunity at our annual meetings to exchange views 
on problems of mutual concern. This exchange of 
ideas and plans has been particularly fruitful this 
year through special committees set up jointly to 
study program evaluation, hospital care, and tu- 
berculin testing. What we want to do now is to 
put these joint plans into action in every com- 
munity in the State, and get together at this time 
next vear to report our results. 

The age of chronic diseases is now upon us. The 
great killers and disablers of today are unques- 
tionably heart disease, cancer, and strokes. We 
know so little about the big three, and all the while 
thev take such a massive toll in human welfare. 
This battle to learn about the so-called degenera- 
tive chronic diseases can make many people forget 
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that there is an important chronic disease that we 
can bring under control if we want to expend the 
time and effort and money, and I’m referring to 
tuberculosis. You know tuberculosis is often looked 
upon as mainly a communicable disease, but it 
also is very much a chronic disease, especially 
among older persons. Like many of our radioactive 
materials, it never quite dies out in a lifetime. So 
the person with tuberculosis accepts this fact of 
life, learns to live with his disease, observes health 
rules meticulously, and remains under the con- 
tinuing care of his physician. By following the rules, 
many of our tuberculous persons live to ripe old 
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ages and live well in the process. This is the indi- 
vidual goal in tuberculosis control that one never 
loses sight of 

I think if we work hard in the decade ahead tu- 
bereulosis is one disease that we can relegate to a 
position of minor importance in public health. It 
will cost millions of dollars to fight tuberculosis in 
our State this year, and it will cost millions of 
But recent 


dollars a year for some time to come 
history is pointing the way to its inevitable demise. 


We have only to intensify the attack with intel- 
ligence, determination, and our traditional con- 
cern for the well-being of the individual. It is this 
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humane concern that has brought us together here 


today. 


Herman E. 
Commissioner 
New York State Department of Health 
I. Jay BricgurMan 
Assistant Commissioner 
Chronic Disease 
New York State Department of Health 
Albany, New York 
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for Vaccination Against Influenza in the Civilian Population 


Apvisory CoMMITTEE ON INFLUENZA TO THE SuRGEON GENERAL 
or THE U. S. Pustic Service® 


(July 31, 1961) 


Experience with Asian influenza between 1957 
and 1960 has served to re-emphasize that patients 
in certain disease categories who acquire influ- 
enza are at much greater risk of death or severe 
morbidity than the normal population or patients 
with miscellaneous diseases. In order to reduce 
the hazard to patients at high risk, it is recom- 
mended that they be immunized with polyvalent 
influenza vaccine as soon as practicable after Sep- 
tember 1 and no later than the beginning of the 
usual influenza season in December. Since 
a two-week delay in the development of antibodies 
may be expected, it is important that immuniza- 
tion be carried out before epidemics occur in the 


late 


area. 

The adult dosage recommended by the Advisory 
Committee for primary immunization is 1.0 ml. 
(500 CCA units) of polyvalent vaccine admin- 
istered subcutaneously. It is urged that persons 
who have not previously been immunized should 
also receive, if feasible, a second dose of 1.0 ml. 
approximately two months after the first injection. 
This second dose will serve to protect the small 
but significant develop 
adequate antibody after the first injection. Per- 
sons previously immunized should be reinoculated 


proportion who do not 


with a single “booster dose” of 1.0 ml. subeutane- 
ously each year. 

Patients in the following disease categories have 
experienced the highest mortality rates and, there- 
fore, specific protection is clearly indicated for them 
as a routine practice. 

(A) Persons of all ages who suffer from chronic 

debilitating e£., 
pulmonary, renal, or 
disorders; in particular: 
(1) Patients with rheumatic heart disease, 
especially those with mitral stenosis. 
(2) Patients with other cardiovascular dis- 


disease, chronie cardio- 


vascular, metabolic 


orders such as arteriosclerotic heart dis- 
ease and hypertension, especially those 
with of frank or incipient 
cardiac insufficiency. 

Patients with chronic bronchopulmonary 
disease, for example, chronic asthma, 


evidence 


chronic bronchitis, bronchiectasis, pul- 
monary fibrosis, pulmonary emphysema, 
pulmonary tuberculosis. 

‘George Burch, Fred Davenport, Dorland J. 


Davis, Morris Schaeffer, Glenn S. Usher, and Colin 
MacLeod, Chairman. 


(4) Patients with diabetes mellitus. 
(5) Patients with Addison’s disease. 

(B) Pregnant women. 

(C) All persons more than sixty-five years of age. 

In years of expected high incidence, vaccination 

is recommended for the following groups of peo- 
ple: 

(1) Persons employed in medical and health 
services, public safety, public utilities, trans- 
portation, education, and communications. 
Persons in age groups in which influenza 
occurs in highest incidence, namely, five to 
twenty-five years. 


Dose and Schedule of Vaccination by Age 


(1) Adults (persons thirteen years of age or 
older): 10 ml. (500 CCA units) should be ad- 
ministered subcutaneously as soon as practicable 
after September 1 and no later than January 1. 
Those not previously immunized should receive, 
if feasible, a second dose of 1.0 ml. approximately 
two months after the first injection. 

(2) Children siz to twelve years of age: 05 ml. 
(250 CCA units) should be administered subcu- 
taneously as soon as practicable after September 1 
and no later than January 1. Those not previously 
immunized should receive, if feasible, a 
dose of 0.5 ml. approximately two months after the 
first injection. 

(3) Children three months old to pre-school age: 
Initial doses of 0.1 to 0.2 ml. (50 to 100 CCA units) 
should be administered subcutaneously on two oc- 
casions, separated by one- or two-week intervals. A 
booster inoculation of the same strength should 
be given, if feasible, two to three months later. 
Preferably, the schedule of vaccination should be 
completed by January 1. Since febrile reactions to 
vaccine in this age group may reach an incidence 
of 20 per cent, it is suggested when not 
traindicated that acetylsalicylic acid (one grain per 
year of age) be given every six hours for the first 
twenty-four hours. 

(4) Persons previously immunized with poly- 
Each fall, prior to January 1, 
persons previously immunized with polyvalent in- 
fluenza virus vaccine should be reinoculated with 
a single dose according to the following schedule: 

Children three months old to pre-school age: 0.1 

to 02 ml. 
Children aged six to twelve vears: 0.5 ml. 
Adults: 1 ml. 


second 


con- 


valent vaccine: 
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TUBERCULOSIS CASE FINDING AMONG HOMELESS MEN 
IN NEW YORK CITY 


A recently instituted centralized tuberculosis 
case-finding program for homeless men in New 
York City offered the writers an opportunity for 
determining the prevalence of new cases in this 
susceptible segment of the population. The pro- 
gram utilized the Men’s Shelter of the Department 
of Welfare as a center of operation. In 1960, this 
facility processed 17,206 “Skid Row” residents 


A 70-mm. photo-roentgen unit, permanently in- 
stalled at the Shelter, was operated by Health 
Department personnel from 9:00 a.m. to 5:00 p.m. 
weekdavs. Because of the transient nature of the 
population, more than §,000 of the men who re- 
ceived service during the off hours were no longer 
available to have photo-roentgenograms taken 
later on. Sputum specimens for culture were col- 
lected tri-monthly from residents considered to 
have inactive’ pulmonary tuberculosis on the basis 
of history and roentgenographie findings. All men 
coming to the Shelter were required to have a 
photo-roentgenogram taken at least once a year; 
those with inactive disease had chest films taken 
every three months as long as they remained 
under the supervision of the Shelter. All photo- 
roentgenograms were read twice; the final inter- 
pretation was made by the senior writer, with 
knowledge of each man’s previous history of tu- 
bereulosis as available from the Central Registra- 
tion File of the Bureau of Tuberculosis 


The results of the present case-finding program 
during 1960 are given in table 1. Approximately 
9,000 men had at least one chest photo-roentgeno- 
gram taken during the vear. In 120 instances, the 
chest photo-roentgenographic findings were con- 
sidered sufficiently characteristic to warrant an 
immediate working diagnosis of active pulmonary 
and 


a rare exception, this diagnosis was 


tuberculosis referral to a hospital 


With only 
eventually confirmed. In the other 24 cases, roent- 


prompt 


genographic findings of tuberculosis of undeter- 
mined activity led to the submission of a sputum 
specimen for culture and the eventual isolation of 
tubercle bacilli. Thus, during 1960, a total of 144 
new cases of active pulmonary tuberculosis was 
among 9,000 giving a 


phenomenally high rate of 160 per 1,000 clients 


discovered homeless men, 


examined 


‘In this report, the term “inactive” is used to 
include all forms of noninfectious pulmonary 
tuberculosis, with or without discernible 
tion. 


eavita- 


During 1960, the present case-finding program 
among homeless men also uncovered 107 patients 
with previously known and registered active tu- 
berculosis, almost all of whom had left a hospital 
against medical advice. An additional 56 patients, 
among 887 who were followed for “inactive” pul- 
monary tuberculosis, were found to have reactiva- 
ion of their disease. Thus, a total of 307 patients 
with pulmonary was identi- 
fied among the 9,000 homeless males during 1960. 

All persons diagnosed as having active pulmo- 


active tuberculosis 


nary tuberculosis were promptly referred to a 
hospital. About 20 per cent disappeared before 
being admitted to the hospital, and another 30 
per cent left the hospital against advice within 
four months. On the other hand, looking at the 
same statistics optimistically, it can be said that 
50 per cent of the men referred to a hospital re- 
mained there for at least four months. 

Obviously, tuberculosis continues to be a devas- 
tating problem among homeless males in New 
York City. Present tuberculosis control measures 
are probably having some effect in controlling the 
spread of tuberculosis in this group, but they fall 
far short of what is needed to eradicate the dis- 
A definitive tuberculosis control program for 
“Skid Row” residents must include increased and 
facilities for detaiming 
in the hospital, more extensive facilities for reha- 
bilitation after hospital discharge and, most im- 
portant, a better-coordinated plan for comprehen- 
medical include the treatment of 
chronic alcoholism. 


ease 


improved such patients 


sive care to 
In summary: Of 9,000 homeless men examined 
in New York City during 1960, 144, or 16.0 per 


TABLE 1 


NUMBERS AND Rates or Cases or AcTIVE 
PULMONARY TUBERCULOSIS NEWLY 
DiIscOVERED AMONG APPROXIMATELY 

9,000 Hometess MeN IN NEw 
York Ciry, JaANvuary 1 To 
DeceMBER 31, 1960 


Rate per 


Method of Detection 1.000 


Number 


Roentgenogram only 120 13. 
Roentgenogram and sputum 24 2. 
Total 144 6. 
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1,000, were found to have previously undiagnosed 
active pulmonary tuberculosis. 


* The writers wish ‘o acknowledge the technical 
assistance of P Vencher of the Bureau of 
Tuberculosis, anu the cooperation of the super- 
visory staff of the Men’s Shelter, Department of 
Welfare, and the Tuberculosis Hospital Facilities 
of the Department of Hospitals, New York 


Aaron D. CuHaves* 

Artuur B. Rostns 

Hans ABELES 
Bureau of Tuberculosis 
Department of Health 
125 Worth Street 
New York 13, New York 


June 28, 1961 
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THERAPEUTIC EFFECT OF ETHAMBUTOL (DEXTRO-2,2’{ETHYLENE- 
DIIMINO)-DI--BUTANOL) ON EXPERIMENTAL TUBERCULOSIS 
IN GUINEA PIGS** 


The racemic compound of 2,2’-(ethylenedi- 
imino)-di-l-butanol was found to have a _ tuber- 
effect in intravenously 


M ycobacte rum 


mice infected 


bovis or M. 


culostatic 
with 
(H37Rv) when treatment was started on the day 
and the agent administered 
parenterally or orally by intubation or 
with the diet.* It was later shown that the activity 


tuberculosis 
of infection was 
mixture 


of the racemic compound is due to the dextro- 
form. Dextro-2,2’-(ethylenediimino)-di- 


l-butanol, or ethambutol, was found to be ef- 


rotatory 
fective as an antituberculosis agent in mice when 
treatment was delayed.* The following report de- 
seribes an experiment in which it was found that 
the administration of the racemic compound to 
tuberculous guinea pigs had a pronounced thera- 
peutic effect. 


Each of 36 male guinea pigs, each weighing 
approximately 500 gm., was infected intraperi- 
toneally with 0.1 mg. (moist weight) of M. tuber- 
culosis strain H37Rv. On the twenty-first day of 
infection, 6 animals were killed and were found to 
have tuberculous lesions; there were enlargement 
of the spleen, multiple miliary lesions in the liver, 
fibrocaseous masses in the omentum, and enlarge- 
ment and necrosis of the hepatic and iliac lymph 
node 8s. 

On the twenty-first day of infection, the re- 
maining 30 guinea pigs were divided into three 
groups of 10 animals each, and treatment was 
started as follows: group 1 (controls) received 1 
mil. of an 0.85 per cent solution of sodium chloride 
subcutaneously; group 2 received orally by in- 
tubation 50 mg. of the racemic compound in 1 
mil. of aqueous solution ; group 3 received by sub- 
cutaneous injection 50 mg. of the 
pound in 1 ml The dose is 
equivalent to 25 mg. of ethambutol (dextrorota- 
tory form). The treatments were given once daily; 
the subcutaneous injections made in the 
axillary space 

After sixty-two days of treatment, six of the 10 
control animals were dead and 3 of the 4 survivors 
in this group were moribund. The experiment was 


racemic com- 


of agueous solution 


were 


‘This investigation was supported in part by 
Research Grant No. E-2357 from the Institute of 
Allergy and Infectious Diseases, National Insti- 
tutes of Health, Us Pubhe Health Service 

*The ethambutol was furnished by Dr. Virgil 
Place, Lederle Laboratories, Pearl River. New 
York 

*Tuomas, J. 
1961, 83, 891 

*Witkinson, R. G., 
1961, 83, 2212. 


P., et al.: Amer Rev Resp Dis, 


et al.: J Amer Chem Soe, 


then discontinued and all surviving animals were 
killed. 


Survival: Referring to figure 1, it will be seen 
that half of the control animals were dead by the 
sixty-first day of infection, at which time only 2 
in the group treated orally had died, and none in 
the group treated subcutaneously had died. At 


this time all but one of the control animals ap- 
peared ill and all apparently were losing weight; 
2 of the animals treated orally and none of those 
in the group treated subcutaneously appeared ill. 
Subsequently, there were a few deaths in the 
treated groups, as indicated in figure 1, but none 
of these animals had sufficient tuberculous disease 
for their deaths; one had lesions of 


had 


to account 
pneumonia and 2 massive intra-abdominal 
hemorrhage. 

Observations at necropsy: There was no necro- 
sis, fibrosis, or hemerrhage in the subcutaneous 
tissue at the sites of the daily injections of the 
drug. The grossly visible tuberculous lesions in 
the lungs, liver, and spleen are shown schemat- 
ically in figure 1. In the control animals there was 
extensive disease in the usual organs of predilec- 
tion, as depicted, plus caseous necrosis of the 
nodes and fibrocaseous masses in the 
omentum. It is of interest that the animals treated 
orally had relatively little involve- 
ment as compared with the control animals, but 
they did have extensive involvement of lymph 
nodes and omentum, and 6 had diffuse involve- 
ment of the liver or spleen, or both. In contrast, 
the visible lesions in the animals which received 
the drug subcutaneously were limited to miliary 
or nodular lesions of the liver or spleen in 6 ani- 
mals; however, all of the guinea pigs in this group 
had foci in the omentum and 
lymph nodes. 

Microscopic examination: The histopathologic 
appearance of tissues confirmed the observations 
made grossly. In the control animals there was the 


lvmph 


pulmonary 


residual caseous 


progressive, destructive disease in the lungs, liver, 
and spleen which is typical of experimental tuber- 
culosis in guinea pigs. Among the animals treated 
orally, 6 exhibited a similar morbid change in the 
liver and spleen: 3 of these animals had received 
the full sixty-two days of treatment. However, 
only 2 in this group had pulmonary lesions com- 
parable in extent to those seen in the control 
animals; the others had small collections of epi- 
thelioid cells with minimal necrosis. 

In the animals treated subcutaneously there was 
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NOTES 


much less active tuberculous change as compared 
with this change in the other two groups. No 
animal had more than small circumscribed foci of 
epithelioid cells without necrosis in the lungs. 
There were scattered and circumscribed lesions in 
the livers and spleens of all animals, but in only 
and these were well 
based on the ex- 


4 were there necrotic foci, 
limited. An index of infection, 
tent and microscopic character of the lesions, was 
group 1 
(controls), and 
group 3 (treated this 
method the presence of active lesions with necrosis 
was rated from 10 to 35, depending on the extent 
regressive lesions with no necro- 


determined for each group as follows: 
73; group 2 (treated orally), 42; 
subcutaneously), 15. By 


of involvement; 
sis were rated from 1 to 3° 

Bacteriologic cultures: Cultures from 6 of the 
orally treated animals and from 6 of the sub- 
cutaneously treated animals were tested for sus- 
ceptibility to ethambutol in egg-volk agar in com- 
parison with the susceptibility of the original 
culture. The cultures were inhibited by 05 or 1.0 ¥ 
of the agent per control culture, 
indicating no evidence of increased resistance to 
the drug. 

Toxicity: No attempt was made to study 
toxic effects of the treatment, but certain ob- 
servations suggest that, in the doses this 
material is relatively nontoxic in guinea pigs. No 
evidence of local irritation such as necrosis, hem- 
orrhage, or fibrosis was seen in the subcutaneous 
areas at the site of the daily injections. The 
animals which responded favorably to the tuber- 
culostatie effects remained healthy in appearance, 
and apparently did not lose weight. The 
pathologic studies disclosed no changes that could 
be attributed to toxicity of the drug. Some of the 
animals in the treated groups did have a few renal 
lesions resembling interstitial nephritis, but these 


changes were seen in the control animals. 
* 


ml., as was the 


any 


used, 


histo- 


Evidence is available to show that only the 
dextrorotatory form of 2,2’-(ethylenediimino)-d- 
1-butanol (ethambutol) is tuberculostatic.! There- 
fore, the actual dose of ethambutol as used in this 
experiment is half that of the racemic compound, 
or 25 mg. administered once daily. It is evident 
that this amount is therapeutically effective when 
injected subcutaneously once daily. 

Assays of the in vitro tuberculostatic effect of 
plasma from treated guinea pigs which had re- 
ceived 50 mg. of ethambutol per kg. of body 
weight indicate that a maximal concentration of 
the agent in the blood is reached within one hour 
to two hours, and that it decreases rapidly so that 

*Fecpman, W. H.: Rev Tuberc, 


Amer 1943, 48 


CONTROLS 


- 


50 MG. SUBCUTANEOUSLY 


Fic. 


necropsy. 


1. Extent of the tuberculous lesions seen at 
The rectangle and oval represent the 
liver and spleen, respectively. Miliary and nodular 
lesions are indicated by small and large dots; 
blackening of the organ indicates diffuse involve- 
ment. The numerals show the number of days of 
infection, and a bar below the animal indicates 
that it died before the end of the experiment 
Treatment was given once daily, and was started 
twenty-one days after infection. Treatment con- 
tinued for sixty-two days, after which all survivors 


were killed. 


none is detected after six hours. Additional studies 
are needed to determine the optimal dose as com- 
pared with the amount selected arbitrarily in the 
present studies. There is now no evidence that any 
antituberculous drug is more effective against ex- 
perimental tuberculosis when administered in mul- 
tiple daily doses than when administered in a single 
dose* 

Antibacterial drugs cannot properly be com- 
pared on a basis of weight; they must be com- 
pared on the basis of therapeutic activity and 
toxicity. The result achieved by ethambutol 
against experimental tuberculosis in guinea pigs 
as described herein is inferior to that expected of 
a single daily dose of 6 mg. of streptomycin’ or a 
single daily dose of 10 mg. of isoniazid* However, 
if additional studies reveal that the toxicity of 
ethambutol is low, it may prove to be a valuable 
antituberculous drug administered alone or in 
combination with other agents. 

In summary: Three groups of 10 guinea 
each infected with 


*Carr, D. T., ann A. G: 
Resp Dis, 1961, 84, 90 

* Kartson, A. G., ano Fetpman, W. 
Rev Tubere, 1948, 58, 129. 

*Kartson, A. G., ann Fetpmax, W. H:: 
Rev Tuberc, 1953, 68, 75. 
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culosis and, on the twenty-first day of infection, 
treatment of the animals in the respective groups 
as follows: (1) control 


was started animals, 1.0 


ml. of an 0.85 per cent solution of sodium chlo- 


ride; (2) 50 mg. of the racemic compound given 
orally by tube; and (3) 50 mg. injected subcuta- 
neously. The dose is equivalent to 25 mg. of the 
dextrorotatory compound, ethambutol. The treat- 
ments were administered once daily in 1 ml. of 
treatment, 6 
control animals were dead as compared with 3 in 


solution. After sixty-two days of 


each of the treated groups. Gross and microscopic 


NOTES 


comparison showed that the treated animals had 
less disease than the untreated animals. The re- 
gressive changes and evidence of healing of the 
lesions pronounced in the animals 
treated subcutaneously. 


were more 


ALrrep G. KarLson 
Section of Microbiology 
Mayo Clinic and Mayo Foundation 
Rochester, Minnesota 


August 3, 1961 
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THE IN VITRO ACTIVITY OF ETHAMBUTOL (DEXTRO-2,2’-(ETHYL- 
ENEDIIMINO})-DI-l-BUTANOL) AGAINST TUBERCLE BACILLI 
AND OTHER MICROORGANISMS’ 


Ethambutol is the dextrorotatory isomer of 
2,2’-(ethylenediimino)-di-1-butanol; it is a white 
crystalline powder, soluble in and heat 
stable. It was found that the racemic compound 
inhibited the growth of the H37Rv strain of 
Mycobacterium tuberculosis in concentrations of 
1 to 4 y per ml. of Sauton medium Subsequently, 
it was shown that the tuberculostatic effect of the 
and in tuberculous 
the dextrorotatory isomer, 


water 


racemic compound vitro 


mice caused by 
ethambutol * The following report presents the 
method used and the results of determining the 


in vitro activity of this compound against tubercle 


was 


bacilli, other acid-fast bacteria, and some nonacid- 
fast forms. It was found that in egg-volk agar the 
growth of of human and bovine 
tubercle bacilli was inhibited by the addition of 
1 y of ethambutol per ml. In the case of other 
acid-fast bacilli there was a greater variation in 
susceptibility to the drug; the growth of nonacid- 
fast bacteria was not inhibited by concentrations 
of the agent up to 200 times that required to in- 
hibit the growth of M. tuberculosis. 


most strains 


Egg-volk agar containing ethambutol‘ was pre- 
pared in the following manner: The ethambutol 
was taken from its original container with a 
sterile spatula, weighed in a sterile test tube, and 
dissolved in sterile Proskauer and Beck liquid 
medium at a concentration of 10 mg. per ml. This 
solution was not further sterilized; it was frozen 
and stored in amounts of 3 ml. For use, the solu- 
tion was melted at room temperature and diluted 
in sterile Proskauer and Beck liquid medium to 
concentrations of 1,000, 500, and 100 y per ml., 
respectively. One milliliter of each of these dilu- 
tions was added to 90 ml. of melted and cooled 
sterile trypticase-soy agar (BBL*). The volk from 
a fresh egg was then added, which made a final 
volume of egg-volk agar of approximately 100 
ml., with concentrations of 10.0, 50, and 10 y, 
respectively, of ethambutol per ml. The agar was 
poured into sterile, screw-capped tubes in amounts 


‘This investigation was supported in part by 
Research Grant E-2357 from the Institute of 
Allergy and Infectious Diseases, National Insti- 
tutes of Health, U.S. Public Health Service. 

* Wirkinson, R. G., et al.: J Amer Chem Soc, 
1961, 83, 2212. 

*THomas, J. 
1961, 83, 891. 

*The ethambutol was furnished by Dr. Virgil 
Place, Lederle Laboratories, Pearl River, New 
York. 


* Baltimore Biological Laboratories. 


P., et al.: Amer Rev Resp Dis, 


TABLE 1 
COMPARISON OF THE IN VITRO SUSCEPTIBILITY OF 
Various MICROORGANISMS TO ETHAMBUTOL 


Number of Each Strain 

Inhibited by Lowest 
Concentration (y per Ml.) 

7 of Egg-Yolk Agar 

Microorganism — 

Not 
Inhib- 
ited 
by 10.0 


50 10.0 


. tuberculosis 

. bovis 

. avium 

. ulcerans 

. fortuitum 
Photochromogens 
Nonchromogens 
Scotochromogens 
Staph. aureust 
Enterococci 
Coli-aerogenes 
Proteus spp. 
Pseudomonas spp. 


* Includes 4 isoniazid-resistant, 4 PAS-resistant, 


3 PAS-and isoniazid-resistant, and 2 PAS- and 
streptomycin-resistant strains. 

t In addition, the following were tested and 
found to be resistant to more than 100 y of eth- 
ambutol per ml. in trypticase-soy agar: 65 strains 
of Staph. aureus, 34 of enterococci, 52 of coli- 
aerogenes, 17 of Proteus spp., and 25 of Pseudo- 
monas spp. 


of 3 to 4 ml., and was slanted.’ It was used within 
twenty-four to forty-eight hours. 

In the case of acid-fast bacilli, the inoculum 
was prepared by triturating colonies of the cul- 
ture in sterile nutrient broth (Difco) in the bot- 
tom of a sterile tube by means of a glass rod or 
an inoculating loop. A final density of approxi- 
mately five times that of MeFarland’s nephelom- 
eter tube No. 1 was used. Each tube of medium, 
including a control tube of egg-volk agar, was 
inoculated with approximately 0.1 ml. of bacterial 
suspension. Preliminary observations indicated 
that the density of the bacterial suspension used 
for inoculum was not a critical factor, and that 
uniform results could be obtained when the den- 
sity was determined by visual inspection alone. 
Results of the test on acid-fast bacteria were re- 
corded after fourteen days of incubation at 37°C., 


Mayo Clin, 1948, 23, 401. 
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except for M. ulcerans, which was incubated at 
31°C. for three weeks. 

Tests for the susceptibility of the nonacid-fast 
bacteria were done by placing a drop of six-hour 
broth culture on the surface of trypticase-soy agar 
(BBL) containing appropriate concentrations of 
ethambutol. The results of these tests were re- 
corded after twenty-four hours of incubation. 


The data in table 1 provide a comparison of the 
in vitro susceptibility of various kinds of bacteria, 
and also show the range of susceptibility of strains 
within a group of organisms. It is of interest to 
note that the mammalian tubercle bacilli, that 
is, M. tuberculosis and M. bovis, appear to be 
uniformly susceptible to the agent within a rel- 
atively narrow range. Moreover, of the 170 strains 
of M. tuberculosis, the growth of 115, or 76 per 
cent, was inhibited by 1 y of ethambutol per ml., 
and growth of the remainder was inhibited by 
5.0 y, the next highest concentration. Inspection 
of the table reveals susceptibility of the photo- 
chromogens comparable to that of the tubercle 
bacilli. However, the nonchromogens varied 
widely: 12, or 20 per cent, of the 61 nonchromo- 
gens were inhibited by 1.0 y of the agent and 9, 
or 15 per cent, were able to grow in the presence 
of 10 y per ml. It is not known if the nonchromo- 
gens or the scotochromogens, which also varied in 
susceptibility, are groups; 
categories may contain different kinds of acid-fast 


homogeneous these 


bacteria. However, a wide range of susceptibility 


NOTES 


was found in the 21 strains of M. avium, each of 
which had been identified by animal pathogenicity 
tests. The lack of activity of ethambutol against 
the gram-positive cocci and the gram-negative 
bacteria is reminiscent of isoniazid and para- 
aminosalicylic acid, both of which have selective 
activity for acid-fast bacteria, but fail to imhibit 
the growth of nonacid-fast bacteria. 

In summary: Ethambutol, dextro-2,2’-(ethyl- 
enediimino)-di-1-butanol, was tested for inhibitory 
effect on 170 strains of Mycobacterium tuberculosis 
in concentrations of 1.0, 5.0, and 10.0 y per ml. of 
egg-yolk agar. It was found that 115 (76 per cent) 
of the strains were inhibited by 1.0 y, and that 
55 (24 per cent) were inhibited by 5.0 y. Twenty- 
three strains of M. bovis and 10 photochromogens 
exhibited a range of susceptibility comparable to 
that of M. tuberculosis. The in vitro susceptibility 
of M. avium (21 strains), nonchromogens (61 
strains), and secotochromogens (35 strains) to 
ethambutol was variable; some strains in each 
group were inhibited by 10 y per ml., whereas 
others were not inhibited by 100 y per ml. 
Ethambutol exerted no inhibitory effect on Staph- 
ylococcus aureus, Proteus spp., Pseudomonas spp., 
enterococci, or the coli-aerogenes group. 

Aurrep G. KarLson 

Section of Microbiology 

Mayo Clinic and Mayo Foundation 

Rochester, Minnesota 


August 3, 1961 
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PREPARATION OF A HIGHLY POTENT HEMAGGLUTINATING 


ANTIGEN OF M. 


Although most of the investigators who have 
been engaged in the elucidation of the nature of 
the hemagglutinat-ag antigen contained in the cul- 
ture filtrate or in the cells of M. tuberculosis ap- 
pear to hold the view that the polysaccharide frac- 
tion has the activity,’* dissenting opinions still 
exist.* Furthermore, the precise chemical nature 
of the active substance is not yet known. 

In the course of the writers’ studies on the na- 
ture of the antigen, a new simple method was 
found which made it possible to prepare a more 
potent antigen than those described to date. The 
method of preparation, together with some of the 
chemical properties, will be given in the present 
report. 


The potency of the antigen preparation was ex- 
pressed by the minimal sensitizing dose. A routine 
method of sensitization was used: One milliliter of 
a 4 per cent suspension of sheep erythrocytes was 
mixed with an equal amount of serial dilutions of 
the various fractions to be tested, and was incu- 
bated at 37°C. for two hours. After washing twice 
with buffered saline (pH 72), the sensitized 
erythrocytes were taken up into 4 volumes of 
buffered saline. To 0.2 ml. of this 0.5 per cent sus- 
pension of sensitized erythrocytes an equal volume 
of antiserum dilutions ranging from 1:40 to 1:1,280 
was added. The antiserum was prepared by in- 
jections of heat-killed bacilli into rabbits. The 
mixture was incubated at 37°C. for two hours. The 
minimal sensitizing dose of a fraction was defined 
as the minimal concentration (y per ml.) of the 
fraction required to give a definite agglutination 
of erythrocytes. 

The preparation of a highly potent fraction was 
made as follows: eight-week-old cultures of M. 
tuberculosis var. hominis, strain Aoyama B, grown 
on Sauton medium were sterilized by heating at 
100°C. for one hour, filtered through paper on a 


* Mipp.esrook, G., anp Dusos, R. J.: J Exp Med, 
1948, 88, 521. 

* Takena, Y., et al.: Jap J Tuberc, 1954, 2, 307. 

*Sorkiy, E., et al.: Helv Chim Acta, 1956, 39, 
1684. 

* Boypen, 8S. V., anp Sorkin, E.: In Ciba Founda- 
tion Symposium on Experimental Tuberculosis, 
edited by G. E. W. Wolstenholme and M. P. Cam- 
eron, J. & A. Churchill, London, 1955, p. 144. 

*Tsumita, T., et al.: Jap J Med Sci Biol, 1959, 
12, 167. 

* Gericke, D.: Zbl Bakt, 1952, 158, 191. 

*Stnpo, T., et al.: Jap J Exp Med, 1952, 22, 97. 

*Inanp, C. N., anp Peacock, D. B.: In Ciba 
Foundation Symposium on Experimental Tubercu- 
losis, edited by G. E. W. Wolstenholme and M. P. 
Cameron, J. & A. Churchill, London, 1955, p. 163. 


TUBERCULOSIS 


Buchner funnel, and then subjected to Seitz filtra- 
tion. The starting material used for the preparation 
of the hemagglutinating antigen was the concen- 
trates obtained by ultrafiltration of this culture 
filtrate. The minimal sensitizing dose of this ma- 
terial was 50 y per ml., as illustrated in table 1. 

To the solution of this starting material, tri- 
chloracetic acid was added in a concentration of 
5 per cent. The precipitated protein fractions were 
removed by centrifugation. The supernatant con- 
taining the active material was dialyzed and then 
fractionated by precipitation with ethanol. The 
fractions precipitated at the ethanol concentration 
between 40 and 80 per cent were collected by cen- 
trifugation and dialyzed against running water. A 
part of this dialysate was freeze-dried and tested 
for its activity. The potency of this ethanol-frac- 
tionated material was found to be 125 y per ml. A 
chloroform-amy] alcohol mixture (4:1) was added 
to the remaining dialysate. The gel formed by 
vigorous shaking of this mixture was separated 
by centrifugation, and a fresh chloroform-amyl 
alcohol mixture was added to the water layer, and 
then shaken. This procedure was repeated until 
the amount of gel was reduced so as to form only 
a thin membrane-like disk at the interface. By 
this procedure, most of the activity passed into 
the gel, leaving only a trace, if any, in the super- 
natant, which failed to sensitize erythrocytes at 
the concentration of as much as 1,000 y per ml. 

The active substance contained in the gel was 
precipitated by the addition of 10 volumes of 
ethanol, dissolved in a small amount of distilled 
water, and then dialyzed. This procedure was re- 
peated an additional two times so as to remove 
as many inactive substances contaminated in the 
gel as possible. The solution of active antigen thus 
obtained was further treated with trichloracetic 
acid. The inactive precipitates formed by the ad- 
dition of this protein precipitant to a concentration 
of 5 per cent were removed by centrifugation. The 
sensitizing activity of this supernatant increased 
to a high degree. One-half gamma per milliliter of 
this material gave a positive result. The inactive 
substances still present in the solution were finally 
precipitated by half saturation with ammonium 
sulfate, and removed by centrifugation. A highly 
potent antigen was obtained by lyophilization 
after dialysis of the supernatant, which was able to 
sensitize erythrocytes at a concentration of 0.25 
per ml. 

It was found, however, that this material was 
not homogeneous on electrophoretic examination, 
and contained inactive polysaccharides and pro- 
teins. The material was then further fractionated 
by zone electrophoresis. The technique described 
by Kunkel’ was followed with slight modifications. 


*Kunxet, H. G.: In Methods of Biochemical 
Analysis, Vol. 1, edited by D. Glick, Interscience 
Publishers, New York, 1954, p. 141. 
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Fic. 1 (Upper). Electrophoretic patterns of K-Fr. 7. 
Fic. 2 (Lower). Electrophoretic patterns of K-Fr. 8. 
Electrophoresis was done under the following conditions: Starch supporting media, borax- 
NaH.PO, buffer, pH 8.4, « 0.05, at 250 to 300 volts, and 2 mA/cm2 for 20 hours in a cold room. 
Solid line: Carbazole reaction. 
Dotted line: Folin-Ciocalteu phenol reaction (Lowry’s modification). 
Broken line: Hemagglutinating activities of the extracts. 


Borax-monosodium acid phosphate buffer’ at pH 
8.4 and ionic strength 0.05 served as the suspend- 
ing solution for the starch. Electrophoresis was 
performed in a cold room at 250 to 300 volts and 
2 mA/em? for about twenty hours. When electro- 
phoresis was completed, the starch block was di- 
vided into sections l-cm. wide, and each section 
was suspended and extracted with physiologic sa- 
line 

The individual extracts were then analyzed 
quantitatively for sensitizing activity and for pro- 
tein and sugar. The protein content was measured 
colorimetrically by the Folin-Ciocalteu phenol re- 
action,” and the carbohydrate content was deter- 


Georn, H. ann Poratn, Biochim Biophys 
Acta, 1957, 26, 159. 
Lowry’s modification. 


mined by the carbazole method. The electropho- 
retic pattern of this fraction may be seen in figure 
1, in which 3 polysaccharide zones and one protein 
zone are illustrated. The activity was associated 
with the middle polysaccharide peak, which mi- 
grated a small distance toward the cathode. The 
active polysaccharide fraction recovered from this 
zone showed an even more elevated activity. This 
material was re-examined for homogeneity by ap- 
plying it to a second zone electrophoresis under 
similar conditions as used previously; the result is 
illustrated in figure 2. It was found, however, that 
this material was still nonhomogeneous electro- 
phoretically, and was contaminated with protein 
and inactive polysaccharides. The sensitizing ac- 
tivity was found in association with the major 
polysaccharide peak. This material was also ex- 
amined by ultracentrifugal analysis, and revealed 
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TABLE 1 
YIELDS AND HEMAGGLUTINATING ACTIVITIES OF FRACTIONS 


Fractionation Fractions 


K-OT 
K-polysaccharide-80 


AP 


AS 


Yield 
Minimal Sensitizing | Hemagglutination 
Dose Inhibition Dose 
Per Cent 


per ml. 
50 
12.5 

1,000 

400 
10 
100 


per mil. 


0.5 


97 2 0.25 


K: Lot of tuberculin. K-polysaccharide-80: Precipitates at the ethanol concentration between 40 and 
80 per cent from the deproteinized OT. S: Centrifugal supernatant of Sevag’s method. G: Chloroform 
gel. TP: Precipitates at 5 per cent trichloracetic acid. TS: Supernatant at 5 per cent trichloracetic 
acid. AP: Precipitates at a half saturation with ammonium sulfate. AS: Supernatant at a half satura- 


tion with ammonium sulfate. 


the presence of 1.9 S fraction as a single component 
under the conditions examined. This peak showed 
a slight asymmetry. 

As may be seen in table 2, the chemical analysis 
of the material gave the following results: nitro- 
gen, 39 per cent (Dumas method); phosphorus, 
1.1 per cent (Allen method); pentose, 15 per cent 
(cysteine-sulfuric acid method); hexose, 25 per 
cent (anthron method”); and protein, 27 per cent. 
Evidence for the presence of deoxyribonucleic acid 
was not obtained. Hydrolysis of this material with 
6N hydrochloric acid for nine hours, followed by 
extraction with ether, gave approximately 20 per 
cent of an ether-soluble lipid. Analysis of this ma- 
terial by means of reverse-phase chromatography, 
using the technique described by Nowotony and 
co-workers,” revealed an apparent presence of 
fatty acids with Rf corresponding to Cy and Cys 
in the material. The presence of lipids in the anti- 
gen has also been reported by several workers.* * ™* 
Mannose and arabinose were demonstrated chro- 
matographically as the sugar components. 


This preparation showed a marked activity: 
0.05 to 0.1 y per ml. of the antigen was capable of 
sensitizing agglutination. 
However, the antigen had no antigenicity in vive. 
Three intravenous injections of 1 mg. each into 
rabbits failed to produce any detectable amounts 
of antibody. 

As stated above, the final product still contained 


erythrocytes to cause 


*? Morris, D. L.: Science, 1948, 107, 254. 

“ Nowortony, A., et al.: Biochem Z, 1958, 330, 47. 

“ Tsumita, T., et al.: Jap J Med Sci Biol, 1960, 
13, 131. 


TABLE 2 
AND BroLoGcic PROPERTIES OF 
HEMAGGLUTINATING ANTIGEN 


CHEMICAL THE 


Chemical 
proper- 
ties 


Nitrogen “ 3.9 
Phosphorus “; 1.1 
Protein “ 27.0 
Pentose 0 
Hexose “; 25.0 
Deoxyribonucleic 
acid © 
Ether-soluble sub- 
stance 


about 20%, 
Cis, Cis 
fatty acid 

mannose, 
arabinose 


Constituent sugars 


Biologic 
proper 
ties 


Hemagglu- 
tination 
MSD*} Hemolytic 
modifica- 
tiont 
Precipitin titert 1:200,000 
Antigenicity§ 


0.05 y per ml. 


0.01 per ml. 


* MSD: Minimal sensitizing dose. 

+t Complement: 2 exact units. 

t Antiserum prepared by intravenous injection 
of heat-killed bacilli. 

§3 Intravenous injections, 1 mg. each, into 
rabbits. 


appreciable amounts of protein. Tryptic digestion 
of the antigen did not have any detectable influ- 
ence on the sensitizing activity. Together with the 
above result, this fact seems to support the con- 


va 
| 7 
Mg. 
K-OT 44,000 100 
K-80 5,750 | 13.0 10 
K-Fr.1 4,852 | 11.0 10 
| K-Fr.2 223 0.5 10 
13 igi 8 K-Fr.3 60 0.14 10 
G| K-Fr4 52 0.12 100 

K-Fr5 131 | 0.3 10 
K-Fr.6 27 | 0.06 | 10 
- 

| 

os = 


910 


cept that the active material is a lipopolysaccha- 
ride. In addition, there are two facts which sug- 
gest the presence of a bound protein moiety. First, 
this antigen was removed into chloroform gel. Sec- 
ond, the major polysaccharide peak in the electro- 
phoretic pattern was accompanied by a small pro- 
tein peak. Thus, it would appear that this antigen 
occurs in culture filtrate as a lipopolysaccharide- 
protein complex. 

In summary: By a combination of the chloro- 
form-gel method and electrophoretic separation, 
a highly potent hemagglutinating antigen was pre- 
pared from the culture filtrate of human tubercle 
bacilli, strain Aoyama B. The final preparation, 
which on electrophoretic examination was still 
nonhomogeneous and contained inactive protein 
and polysaccharides, was able to sensitize sheep 


NOTES 


erythrocytes and to cause hemagglutination at a 
concentration as minute as 0.05 to 0.1 y per mi. 
Besides a major polysaccharide component, it pro- 
duced, on hydrolysis, an ether-soluble lipid sub- 
stance in amounts approximately 20 per cent of its 
weight. Tryptic digestion had no influence on the 
sensitizing capacity. These facts seem to suggest 
the lipopolysaccharide nature of the antigen. 


Yosu1o 

Kazunart Nacal 

TaDASHI WATANABE 
The Institute for Infectious Diseases 
The University of Tokyo 
Shiba-Shirokane-Daimachi 
Minato-ku, Tokyo, Japan 


April 6, 1961 
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AN EVALUATION OF THE AURAMINE FLOOD TEST 
FOR MYCOBACTERIA’ 


Erlich? recently found that alkaline auramine 
reagent flooded on mycobacterial colonies growing 
on Dubos oleic-agar stained the colonies a brilliant 
yellow in situ. Erlich stated that in his laboratory 
the auramine test was routinely employed success- 
fully on all cultures before discarding them as 
negative, and that contaminated plates were sia- 
ilarly tested. A positive auramine flood test would 
establish the presence of an auramine-positive 
strain of mycobacteria. A negative test would ex- 
clude the presence of M. tuberculosis. 

The present study was undertaken with the fol- 
lowing objectives in view: to determine if any 
separation of the groups of unclassified acid-fast 
bacteria occurred when the organisms were 
grouped according to the Runyon scheme*; to 
observe if a negative auramine test would exclude 
the presence of M. tuberculosis; to find out if 
many strains of mycobacteria are auramine neg- 
ative; to see if additional positive cultures, on 
primary clinical isolation, could be found by gross 
inspection in the presence of contaminants by use 
of the auramine flood technique; to compare the 
standard Léwenstein-Jensen medium, which is not 


suitable for the flood technique,‘ with the Dubos 
oleic-agar medium recommended by En:lich? with 
or without malachite green, for primary isolation. 


The strains of mycobacteria used in this in- 
vestigation were graciously supplied by Dr. E. 
Runyon,’ Dr. W. R. Barclay,’ Dr. T. Toda,’ Miss 
MeMillen,* and Mr. H. Erlich.’ 

All strains were subcultured in Dubos Tween®- 
albumin liquid medium to obtain dispersed growth 
before being subcultured on Dubos oleic-agar in 
screw-capped 30-ml. prescription bottles. Cultures 
were incubated for four to six weeks at 37°C., in 
the dark, before being tested. 


‘The statements and conclusions published by 
the writers are the result of their own study and 
do not necessarily reflect the opinion or policy of 
the Veterans Administration. 

* Erticu, H.: Amer Rev Resp Dis, 1960, 81, 
218. 

* Runyon, E.: Med Clin N Amer, 1959, 43, 273. 

* Eruicu, H.: Personal communication. 

* Veterans Administration Hospital, Salt Lake 
City, Utah. 

*Department of Medicine, University of Chi- 
cago, Chicago, Illinois. 

* Department of Bacteriology, School of Med- 
icine, Kyushu University, Fukuoka, Japan. 

*Hektoen Institute for Medical Research, Chi- 
cago 12, Illinois. 

* Arroyo Del Valle Sanatorium, Livermore, Cal- 
ifornia. 


The auramine flood test: Using the method of 
Erlich? equal volumes of filtered alcoholic atra- 
mine solution (0.1 gm. auramine O” per 100 ml. of 
ethyl] alcohol) and 10 N aqueous sodium hy- 
droxide were mixed just prior to the test. Two to 
three milliliters of this reagent were then allowed 
to flood over the colonies. Within one minute the 
auramine-positive colonies selectively began to 
extract the dye from the alkaline reagent and 
stained a brilliant vellow in situ, contrasting with 
the almost colorless background of the culture 
medium. 

This test was interpreted as auramine positive 
if the vellow stain persisted within the colonies 
after one minute. By this method, auramine-neg- 
ative colonies did not visibly extract the aura- 
mine dye from the reagent in the presence of 
alkali and alcohol. Colonies staining yellow but 
decolorizing within one minute were also desig- 
nated as auramine negative. The tests were always 
done against the dull black background provided 
by a piece of carbon paper, and read by trans- 
mitted light. 

As a control, Ziehl-Neelsen stains were done on 
all of the mycobacterial strains studied imme- 
diately prior to the auramine flood test. 

Media comparison: Routine sodium hydroxide- 
digested specimens from tuberculous sources were 
inoculated simultaneously in Dubos oleic-agar 
medium, in the same medium with ly per ml. 
malachite green, and on the routinely used Léw- 
enstein-Jensen medium. Ziehl-Neelsen and aura- 
mine flood techniques were done on cultures after 
a six-week incubation period. 


From the results presented in table 1, it is ap- 
parent that only the strains of M. tuberculosis, 
which included laboratory strains such as H37Rv 
and R1iRa as well as clinical isolates, were uni- 
formly auramine positive. In Group IJ, the photo- 
chromogens, 96 per cent of the strains were aura- 
mine positive. However, in Group II, the scoto- 
chromogens, and Group III, the Battey strains, a 
significant number were negative, 21 per cent and 
27 per cent, respectively. Group IV, the rapid 
growers, contained more than half of the auramine- 
negative strains found in all of the groups. In addi- 
tion, 4 .vian strains were found to be auramine 
positive. 

The results of the media comparison, which 
may be seen in table 2, revealed a very high 
degree of contamination (more than half of the 
plate contaminated) on Dubos oleic-agar medium. 


* Manufactured by National Aniline Division 
of Allied Chemical and Dye Corporation, New 
York, New York. 
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TABLE 1 
oF AURAMINE FLoop Test ResuLts 


Runyon Group 


tuber- | 
culosis 


Grand 
Totals 


207 
169 
38 


Total 
Positive 
Negative 2 : 
Per cent nega- 

tive 


TABLE 2 
ComMPARISON oF DuBos OLEICc-AGAR WITH 
LOWENSTEIN-JENSEN MEDIUM FOR 
Primary ISOLATION OF 
M. TUBERCULOSIS 


Cul- 

Number tures 
of Speci- | Con 
mens tami 

nated 


Positive 
Speci 
mens 


Dubos oleic-agar 1¢ 39 49 

Dubos oleic-agar plus mala- ‘191 10 53 
chite green 

Léwenstein-Jensen 191 0 57 


This medium showed the lowest number of cul- 
tures positive for M. tuberculosis. 
Intermediate was Dubos oleic-agar medium with 


malachite green added. Less contamination oc- 
curred and more positive specimens were obtained. 
were obtained with 


medium, which not 


However, the best results 
standard Léwenstein-Jensen 
only had the highest number of positive cultures, 
but no contaminations. 

All strains were acid fast by the Ziehl-Neelsen 
technique. 

As stated previously, all of the strains of M. 
tuberculosis, including the strains, were 
auramine fast. Most of the Group / strains, the 
auramine positive. 


avian 


photochromogens, were also 
By contrast, more than half of the strains tested 
in Group iV, the rapid growers, were negative, 
while in Group IT, the scotochromogens, and in 
Group U1, the Battey strains, a number of aura- 
found. This indicates 


mine-negative strains were 


NOTES 


that a clear-cut separation of unclassified myco- 
bacteria from M. tuberculosis cannot be made by 
use of the auramine flood test. Furthermore, 
groups cannot be clearly differentiated by this 
technique. 

When contaminated cultures of tubercle bacilli 
from clinical sources (see table 2) were examined 
grossly after the auramine flood test and Ziehl- 
Neelsen smears were made, no additional acid-fast 
organisms were demonstrated. Furthermore, the 
fact that all of the cultures of M. tuberculosis 
tested were auramine positive indicates that a 
negative auramine flood test excludes the presence 
of M. tuberculosis. However, even if the auramine 
flood test is negative the culture may still be 
grossly positive for unclassified mycobacteria, es- 
pecially Group IV strains. Thus, this test is no 
substitute for Ziehl-Neelsen staining for final 
identification. 

Finally, the media evaluation results, shown in 

table 2, revealed the standard Léwenstein-Jensen 
medium to be superior to Dubos oleic-agar me- 
dium, either with or without malachite green, 
based on both the total number of positive cul- 
tures and contaminated cultures. 
The auramine flood test is no 
substitute for the Ziehl-Neelsen stain for the 
identification of mycobacteria. Standard Léwen- 
stein-Jensen medium is superior to Dubos oleic- 
agar, with or without malachite green, for the 
primary isolation of M. tuberculosis. No clear 
separation of the groups of unclassified myco- 
bacteria, according to the Runyon scheme, could 
be achieved by using the auramine flood test. No 
additional cultures positive for M. tuberculosis 
from processed clinical specimens could be found 
by either Ziehl-Neelsen staining or auramine flood 
testing of contaminated cultures. 


E. M. K. Varenutts" 
J. W. Soska 
E. E. Vicner 
Department of Microbiology 
University of Illinois College of Medicine, Chi- 
cago; and 
Veterans Administration Hospital 


Hines, Illinois 
May 31, 1961 


In summary: 


" The writers gratefully acknowledge the techni- 
cal assistance of Mr. E. Chalfont. 
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INHIBITION OF MYCOBACTERIAL CATALASE ACTIVITY 
BY ISONIAZID 


The bacteriostatic activity of isoniazid is ap- 
parently specific for mycobacteria,” “ and the my- 
cobacteria resistant to this effect of isoniazid exhibit 
either lower catalase-specific activity or no catalase 
activity * Relative to an attempt to determine a 
phase of the mechanism of the action of isoniazid, a 
study of mycobaterial catalase was undertaken. 
The possibility was investigated that isoniazid may 
have an effect on mycobacterial catalase in cell- 
free extracts that has not been demonstrable in 
whole cell preparations. 

Preparation of cell-free extracts: As the source 
of the enzyme catalase, Mycobacterium smegmatis 
was used. The bacterial cells were transferred from 
a fresh culture onto the surface of 250 ml. of Pros- 
kauer and Beck liquid medium in large toxin 
bottles, incubated at 37°C. for seventy-two hours, 
and then harvested on the surface of coarse sintered 
glass filters, removing the medium by suction. The 
cells were washed with 2 liters of cold (10 to 15°C.) 
glass-distilled water. This cell mass was weighed and 
a cell paste prepared in a sterilized mortar with a 
pestle, using two parts cell mass to one part 0.1M 
phosphate buffer at pH 68 (weight/volume). The 
paste was placed in a Raytheon 9KC sonic oscillator 
and treated for fifty-five minutes. Essentially all of 
the active enzyme was present in the straw-colored 
supernatant following centrifugation at 15,000 x G 
for thirty minutes at 0°C. The cell extracts were 
standardized in respect to the protein content by 
microkjeldah! and Biuret tests.” ° 

Catalase assay and inhibition: The reaction mix- 
ture consisted of 0.2 ml. of the standardized ex- 
tract, 0.2 ml. of isoniazid (0.05, 0.1, and 1M), and 
3 ml. of buffered hydrogen peroxide (0.010, 0.021, 
and 0.031M) in 50-ml. Erlenmeyer flasks. The cell- 
free extract was preincubated with the isoniazid 
for fifteen minutes at 37°C. in a shaking water 
bath before the substrate was added. The reaction 
was allowed to run sixty seconds and was stopped 
by blowing 2 ml. of N sulfuric acid into the reaction 
flask; 0.2 ml. of phosphate buffer was then added. 
The control assays were performed by first pre- 
incubating the extract with the buffer and then 
adding the buffered substrate, completing the re- 


' Pore, H.: Amer Rev Tuberc, 1956, 73, 735. 

“ Wiert, H. P.: Proc Soe Exp Biol Med, 1958, 
99, 177. 

* Peizer, L. R., Winevock, D.: Amer Rev 
Tuberc, 1955, 72, 246. 

* Mipp_esrook, G.: Amer Rev Tuberc, 1954, 69, 
471. 

* Knox, R., et al.: Amer Rev Tuberc, 1956, 73, 
726. 

* Hitter, A., et al.: J Biol Chem, 1948, 176, 1401. 

® Weicusetaaum, T. E.: Amer J Clin Path, 1946, 
7. 40. 


action mixture. The reaction was stopped with N 
sulfuric acid followed by the addition of 0.2 ml. 
of isoniazid (0.05, 0.1, and 1M). Chemical blanks 
were established by first adding the sulfuric acid 
to the preincubated enzyme preparation, and sub- 
sequently introducing the substrate solution (with 
the appropriate incubation period) and the isoniazid 
solutions. After removal from the water bath, the 
residual hydrogen peroxide in the reaction flasks 
was back-titrated in situ according to the method 
of Herbert and Pinsent.’ It was necessary to keep 
the flasks stoppered after adding the ammonium 
molybdate (2 drops of 1 per cent) and the 0.6 ml. of 
10 per cent potassium iodide to minimize the loss of 
iodine by evaporation during the three-minute pe- 
riod of standing before titration with sodium thio- 
sulfate. The titrations were performed with a mag- 
netic stirrer and a burette, fitted at the base with a 
stopper which was loosely insertible into the mouth 
of each of the flasks. 


A reduction in the specific activity of the myco- 
bacterial catalase by isoniazid at each concentra- 
tion was demonstrable following fifteen minutes of 
preincubation at 37°C. (table 1). 

Kinetic studies show that isoniazid inhibits the 
mycobacterial catalase in cell-free extracts in a 
noncompetitive manner. Lineweaver-Burk plots,* ° 
least square values of 1/v versus 1/S, show that 
under these experimental conditions the inactiva- 
tion of the enzyme is independent of the substrate 
concentration (figure 1). The data incorporated in 
these plots are the results of one Lundred and 
eighty-four enzyme assays. 

Isoniazid has been found capable of inhibiting the 
activity of mycobacterial catalase in cell-free ex- 
tracts. This finding suggests another facet of the 
manner in which isoniazid exerts its bacteriostatic 
effect on mycobacteria. The writer’s data are in 
contrast to those of Knox,‘ who was unable to dem- 
onstrate manometrically that isoniazid (0.1M) 
inhibited the catalase activity of whole cell prepara- 
tions of BCG strains of mycobacteria and Staphy- 
lococcus aureus (Oxford strain), as well as crystalline 
catalase (10°). The apparent discrepancy may be 
explained by taking cognizance of the work of 
Armstrong” and that of Koch-Weser and associ- 


* Hersert, D., anv Pinsent, J.: Biochem J, 1948, 
43, 193. 

*Micuaeuts, L., ann Menten, M. L.: Biochem 
Z, 1913, 49, 333. 

* Lineweaver, H., ann Burk, D.: J Amer Chem 
Soc, 1934, 56, 658. 

* ArmstronG, A. R.: Amer Rev Resp Dis, 1960, 
81, 498. 
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TABLE 1 


Isonr1azip INHIBITION OF MYCOBACTERIAL 
CATALASE IN CeL_L-Free Extracts 
Preincuba 
tion Isoni 
azid Con- 
centration 


Hydrogen Peroxide Concentration 
in Reaction Mixture 


Assay Conditions* 
Mean Values 


0.0M 


S, (Blank) 894M 71.474M 107 .7346M 
S. (Control) 28.91 44.05 51.16 


12uM 28.264M 34.18uM 
Difference 9.79 15.79 16.98 
= — 
§,=AS8S 
Inhibi- 33. 
tion = A 


0.05M 


42uM 26. 
49 
40. 


484M 10. 

43 33. 

S/S. 1% (7. 

*S. = reagent blank; reagent sequence as fol 

lows: enzyme (E) + buffer (B) + sulfuric acid + 
peroxide (S) + (1 min. at 37°C.). 

S. = uninhibited assay; sequence: E + B + 
S + (1 min. at 37°C.) + sulfurie acid + isoniazid 
(1). The amount of 8 used. 

S\ = inhibited assay; sequence: E +I + 8 + 
(1 min. at 37°C.) + sulfuric acid + B. The 
amount of 8 used by inhibited enzyme. 

SS = amount of inhibition: 8, — 8; = AS. 
This much of the enzyme activity was rendered 
unavailable by the inhibitor. 


ates." These investigators have shown with whole 
cell preparations (of Mycobacterium tuberculosis 
H37Rv) that the bacteriostatic effect of isoniazid 
is not immediate and, second, that drug-susceptible 
organisms do adsorb and fix C“-labeled isoniazid to 
the cell substance. The preincubation of the enzyme 
and the inhibitor is essential. In addition, the treat- 
ment in preparation of the cell-free extracts may 
obviate the neutralization of isoniazid by a number 


“™ The relevance of this inhibition 


of metabolites 
to isoniazid chemotherapy is suggested by the fact 
that the two lowest concentrations of isoniazid em- 
ployed are within the range of attainable serum 
concentrations determined by chemical and -micro- 


" Kocu-Weser, D., ef al.: 
1955, 71, 556. 


Amer Rev 


Tubere, 


01 202 203 


Fic. 1. Inhibition of mycobacterial catalase ac- 
tivity by isoniazid. Lineweaver-Burk plot of 1/v (in 
uM of hydrogen peroxide utilized min.) versus 
1/8 (in yM of hydrogen peroxide). 


biologic assay.“ The two drug concentrations elic- 
ited essentially the same response. The molar con- 
centration of isoniazid must be considered in respect 
to the implication of the work of Barclay and co- 
workers” that drug-susceptible tubercle bacilli con- 
centrate radioactive isoniazid, and thus afford an 
opportunity for reaching a high concentration of 
isoniazid within the cell. 

In summary: Isoniazid in concentrations com- 
parable to those reported in human serum during 
chemothcrapy have been found to inhibit myco- 


* Poote, N. F., anp Meyer, A. E.: Proc Soc Exp 
Biol Med, 1958, 98, 375. 

Barciay, W. R., et al.: Amer Rev Tuberc, 1953, 
07, 490. 
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NOTES 


bacterial catalase activity in cell-free extracts in a Cuiirron J Woops 
noncompetitive manner following preincubation for 
a period of fifteen minutes at 37°C. The experi- 
mental evidence presented suggests another facet 
of isoniazid activity which may contribute to the 
over-all inhibitory effect of isoniazid. June 27, 1961 


Medical Research Service 
Veterans Administration Hospital 
Hines, Illinois 
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CERTAIN SAPROPHYTIC MYCOBACTERIA FROM SOIL 
SOURCES FORMING A RED COLOR PRODUCT 
FROM PAS 


To the Editor of the American Review of Respir- 


atory Diseases: 


The present writer has found that one group of 
unclassified (presumably saprophytic) mycobac- 
teria isolated from soil forms a red color product 
from PAS (sodium p-aminosalicylate). Formation 
of this color product in egg medium containing 2 
mg. of PAS per ml. caused medium that contained 
maiachite green to stain black. This black stain- 
ing of the medium is presumably derived from «a 
coexistence of the red color of the product and 
the malachite green (figure 1). 

The reddish coloring product was believed to 
be an oxidation product of catechol. 

It was demonstrated that the red formazan did 
not contain an aromatic amine structure, and it 
showed the same Rf values (at least three differ- 
ent spots were differentiated) as the red color 
products from cells plus catechol. All of the ex- 
tracts obtained from the different spots of cells 
plus PAS, as well as those obtained from cells plus 
catechol, showed the same type of absorption 
spectra, although they showed different Rf values 
in paper chromatographic studies (solvents: n- 
butanol saturated with water, n-butanol saturated 
with ammonia water, and n-butanol-acetic acid 
(4:1)). 

This color product could be produced when the 
cells of the mycobacteria were incubated at 37°C. 
for twelve to sixteen hours in M/15 phosphate 
buffer solution, pH 7.1, containing 2 mg. of PAS 
per ml. (incubation was done under slow shaking). 

The PAS-degrading mycobacteria have been 
isolated, to date, only from unelassified (pre- 
sumably saprophytic) mycobacteria from soil 
sources. Thus far, 11 strains of such mycobacteria, 
2 scotochromogens and 9 nonphotochromogens,' 
have been found among 53 strains of unclassified 
mycobacteria isolated from soil (approximately 
20 per cent). All of the strains showed slow growth 
in Sauton medium. Such mycobacteria were not 
found among 46 strains of unclassified mycobac- 

*Runyon, E. H.: Amer Rev Tuberc, 1955, 72, 
866. 


268 1% 


Fig. 1 (Left). Mycobacterium No. 268 growing 
on Ogawa egg medium containing 2 mg. of PAS 
per ml. (Right). The same strain growing on 
Ogawa egg medium containing no drug. 

Composition of Ogawa egg medium: basal so- 
lution (1 per cent sodium glutamate and 1 per 
cent potassium dihydrogen phosphate), 100 ml; 
whole eggs, 200 ml.; glycerol, 6 ml.; 2 per cent 
solution of malachite green, 6 ml. Slanted by 
sterilization at 90°C. for sixty minutes. 


teria and 6 strains of saprophytic mycobacteria, of 
which 37 strains of the former and all of the latter 
grew abundantly on egg medium containing 2 mg. 
of PAS per ml. No such mycobacteria were found 
among 146 strains of M. tuberculosis, including 
PAS-resistant strains. It is suggested, therefore, 
that unclassified mycobacteria from human sources 
may contain some strains which are different from 
those obtained from external environments. 

In addition, it was noted that 100 per cent of 
both the saprophytic mycobacteria tested (6 
strains) and the unclassified mycobacteria from soil 
sources (53 strains), and 80 per cent of the unclassi- 
fied mycobacteria from human sources (46 strains) 
grew abundantly on egg medium containing 2 
mg. of PAS per ml., whereas all of the strains of 
M. tuberculosis tested (146 strains) did not grow, 
or showed only small numbers of discrete colonies 
on the medium. 

Micuio TSUKAMURA 

The Obuso National Sanatorium 

Obu (near Nagoya), Chita 

Aichi-Prefecture, Japan 


July 10, 1961 
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Books 


Haemopotgesis. Cert Propuction anp Its 
tion. Ciba Foundation Symposium. Edited by 
G. E. W. Wolstenholme and Maeve O'Connor. 
Pp. 490, Little, Brown and Company, Boston, 
1960. Price, $11.00. 


This symposium on hemopoiesis, held February 
2 to 4, 1960, was attended by twenty-seven in- 
vestigators of different backgrounds from England, 
Italy, Denmark, Austria, Sweden, Palestine, Can- 
ada, and the United States. Publication was ar- 
ranged quickly, while the information was still 
fresh. The book contains sixteen interesting papers, 
complete lists of recent references, extensive yet 
pertinent discussion by the participants, and indices 
according to author as well as subject. 

The Chairman of the Conference, J. M. Yoffey, 
discusses in the keynote paper the evolution of 
the lymphomyeloid tissues and the distribution, pro- 
liferation, migration, destruction, and functions of 
the derived cells. Two papers, one by N. B. Everett, 
W. O. Ricke, W. O. Reinhardt, and J. M. Yoffey 
and the other by E. P. Cronkite, V. P. Bond, T. M. 
Fliedner, and S. A. Kielmann are concerned with 
the use of thymidine labeled with the radioisotope 
tritium in the study of blood cell proliferation and 
desoxyribonucleic acid replication. G. Astaldi dis- 
cusses the changes which occur in normal and patho- 
logic bone marrow cells after in vitro tissue culture. 
J. F. Loutit reviews the effects of transfusions of 
hemopoietic cells on blood cell formation follow- 
ing irradiation. The relationships of thymus lymph- 
ocytes to other blood cells are considered in papers 
by F. Bierring and K. E. Fichtelius. The kinetics 
of granulocytopoiesis is completely reviewed by 
C. G. Craddock, M. A. Maloney, and H. M. Patt. 
Elaborate models as aids to understanding the 
kinetics of lymphocyte, plasmocyte, and erythro- 
cyte formation are presented by C. P. Leblond, G. 
Sainte-Marie, L. G. Lajtha, and R. Oliver. The last 
portion of the volume is devoted to the humoral 
factors involved in hemopoiesis, and reports are 
made by M. Rachmilewitz, O. Stein, Y. Stein, E. 
Simon, J. Gross, A. 8S. Gordon, J. W. Linman, F. H. 
Bethell, D. C. Van Dyke, L. O. Jacobson, E. Gold- 
wasser, and C. W. Gurney. 

With such a wealth of information on the physi- 
ology of blood cell formation, it is interesting though 
not surprising that there are still problems con- 
cerning morphology at the cellular level. How is the 
plasma cell distinguished from the lymphocyte? 
How should the different types of lymphocytes be 
classified? What morphologic cell type is the long- 
sought-for stem cell? Some workers are familiar 
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with pathologic sections of tissue blocks; others rely 
upon smears stained in different ways. Still others 
work with the electron microscope and think in 
terms of ultrastructure. Very few investigators have 
directly compared the different techniques and are 
able to act as translators. The importance of such 
anatomic considerations is inferred time and again. 

The book will appeal for the most part to 
specialists in hematology. However, the work is so 
fundamental, touching on many aspects of health 
and disease, that it may be read with profit by any 
serious student of disease. The discussion which 
follows each paper is sufficiently informal so as to be 
spontaneous. Embarrassing questions are often 
asked which illuminate dark corners of investiga- 
tion. Several experiments are proposed which should 
settle important questions. Editing has been kept 
to a minimum so that considerable individuality 
of presentation remains. The format is in keeping 
with the other books in the series, and has with- 
stood the test of time. As a whole, the avowed 
purpose of the Symposium as expressed in the pref- 
ace has been realized, that “students of this book 
could find in its pages a ‘stem cell’ totipotent for a 
rich variety of further research.” 


L. Enate, Jr. 
Department of Medicine, 
The New York Hospital— 
Cornell Medical Center 
New York, New York 


SureicaL Diseases or THE Luna. By Buford H. 
Burch and Arthur C. Miller. Pp. 128, Charles C 
Thomas, Springfield, Illinois, 1961. Price, $8.50. 


This monograph consists of ten chapters which re- 
view the major aspects of pulmonary surgery. It is 
written in a clear, precise fashion and achieves the 
authors’ objective to state their attitudes “as briefly 
and as pointedly as possible.” The text is devoted 
to the practical problems of diagnosis, selection of 
patients for operation, and choice of surgical pro- 
cedures in the commonly encountered diseases of 
the lungs. It represents the authors’ personal ap- 
proach to each disease, and makes no effort to cite 
other opinions or review controversial methods of 
management. 

Little emphasis is placed on surgical technique 
with the exception of a considerable discussion of 
the value and technical aspects of segmental re- 
section. The chapters on tuberculosis and pul- 
monary tumors are outstanding and summarize the 
problems, methods of management, and prognosis 


Now 
: 
7 
: 
3 
: 
7 


918 


in a concise, logical fashion. The chapter on trau- 
matic injuries of the chest is adequate, although 
some aspects such as flail chest injuries are covered 
very briefly. The great value of tracheostomy as 
part of the definitive management of a flail chest is 
perhaps not sufficiently emphasized. 

This is not intended as a reference book or man- 
ual and, consequently, the lack of bibliography or 
references does not detract from its purpose. The 
greatest asset of this book is its readability, and 
the succinct presentation of each subject, inter- 
euphemisms, adds greatly to the 


spersed with 


reader's interest. The sixty roentgenograms in the 
back of the book are excellent 
pictures of the various disease entities discussed 


and are classical 


in the text. 

This book is thoroughly recommended for the 
house officer and practitioner as a practical and 
accurate survey of the field of modern pulmonary 
surgery 

Paut C. ADKINS 

Department of Surgery 

The George Washington University 
School of Medicine 

Washington, D. C. 


Symposium oN GUANETHIDINE (Ismelin®). The Uni- 
versity of Tennessee College of Medicine. Pp 
119, Ciba Pharmaceutical Products, Inc., Summit, 
N. J., 1960 


Published reports of new antihypertensive drugs 
their indications, contraindications, effects, side ef- 
fects, et cetera—are more numerous than the bones 
in the Hudson River shad. For this reason, symposia 
often speed up knowledge of these agents by collect- 
ing outstanding workers in the general field and 
presenting their findings. As long as these presenta- 
tions are factual and unbiased, they are most worth 
while. 

The Symposium on guanethidine seems to meet 
these Nineteen papers describe the 
chemistry, physiology, pharmacology, and clinical 
effectiveness of the agent. After reviewing each 
reader is left with the definite 


requirements 


presentation, the 
impression that this drug is unique in its action, 
is a powerful antihypertensive, and may be of 
definite value in severe cases that have not re- 
sponded to the older measures 

Guanethidine apparently acts primarily by inter- 
fering with the metabolism of nerve impulse trans- 
When given 
orally or by injection, it reduces the blood pressure 
in hypertensive dogs and humans. Its effect is pri- 
that, although the supine 


mitter material at the nerve terminal 


marily orthostatic in 
blood pressure may be reduced to a modest degree, 
the greatest blood pressure drop occurs when the 
subject stands erect. It depresses the heart rate and 
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produces an increase in the blood pressure reduction 
following the Valsalva maneuver, and abolishes the 
blood pressure overshoot that may occur subse- 
quent to this test. A low degree of tolerance is en- 
countered almost uniformly. When given in moder- 
ately high doses, the glomerular filtration rate and 
renal plasma flow may fall in a majority of cases. 
As a result, nitrogen retention may take place. An 
unusual action of the drug is found when a subject 
on oral doses is given the same material by vein. 
The parenteral dose may produce a prominent 
pressure response In many Cases. 

Physiologic reactions to chemical agents 
rarely if ever restricted to the beneficial responses 
by a single system. Other organs also react, and may 
do so m ways that are not favorable to the sub- 
ject or his well being. Guanethidine is no exception 
to this rule. Its side effects may be severe, with 
orthostatic weakness and dizziness, which have been 
encountered by most of the observers in more than 
half of the with oc- 
casional abdominal cramps was noted in at least 
35 per cent of the patients examined in one study. 
Although the inability to ejaculate set in with many 
of the males treated, impotence was not seen to a 
significant degree. It was interesting that side effects 
of the medication, produced by parasympathetic 
The major ac- 


are 


patients treated. Diarrhea 


inhibition, were not encountered 
tion of the drug appears to be basically on the 
sympathetic hervous system per se. 

At the Symposium, the general consensus was that 
guanethidine, when used judiciously in the proper 
patient, was a useful addition to therapeutic drugs 
for the treatment of severe hypertension. In spite 
of somewhat more recent opinions that the preva- 
lence and magnitude of side effects interfere al- 
most completely with the use of this drug, the 
writer’s experience in a large number of cases 
treated over many months is in accord with the gen- 
eral opinion of the papers published in the svm- 
posium. As with therapeutic, guanethidine 
should be given only when the more simple, less 
powerful, and less troublesome components of medi- 


any 


cal management of hypertension have failed to pro- 
duce the Other agents used in con- 
junction with it may often enhance its usefulness 


desired result 


Riewarp E. Lee 
Department of Medicine 
New York Hospital 
New York, New York 


Tue Year Book or Druc THerary—1960-196€1 
Edited by Harry Beckman. Pp. 587, The Year 
Book Publishers, Inc., Chicago, 1961. Price, $8.50 


This book contains abstracts of articles dealing with 
the drug therapy of diseases and disease states. The 
summaries are grouped under broad systems or dis- 
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ease types except when a great deal has been 
written on one disease, i.e., diabetes mellitus. As 
such, the volume is a very useful selection of often 
good articles easily accessible. 

As in other Year Books, the editor’s comments 
that frequently follow the article are a valuable 
feature. 

Particularly interesting in this volume is the 
section by Dr. Beckman, called “A Critical Evalua- 
tion of the Year’s New Drugs,” which includes a 
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worth-while essay on “The Bases for Judgment of 
a New Drug.” 

For this first section alone, as well as for the 
review of current literature, this Year Book can 
be recommended as a valuable addition to a gen- 
eral library. 

Eric J. Cassey 

Department of Public Health 
Cornell Medical Center 

New York, New York 


BOOKS RECEIVED 


Tue Cuemoruerapy or Tusercuvosis. By Wiiliam 
F. Russell, Jr.. and Gardner Middlebreok. Pp. 
130, Charles C Thomas, Springfield, Illinois, 1961. 
Price, $6.50. 

Tue Nature or Steep. Ciba Foundation Sym- 
posium. Edited by G. E. W. Wolstenholme and 
Maeve O'Connor. Pp. 416, Little, Brown and 
Company, Boston. Price, $10.00. 


Pros_ems or PutmMonary Ci ‘cucation. Ciba Founda- 
tion Study Group No. 8. Udited by A. V. 8. de 
Reuck and Maeve O” onnor. Pp. 96, Little, 


Brown and Company, —uston, 1961. Price $2.50. 


Tuoractc Diseases. Emphasizing Cardiopulmonary 
Relationships. By Eli H. Rubin and Morris 


Rubin. Pp. 968, W. B. Saunders Company, Phila- 
delphia and London, 1961. Price, $25.00. 


HRUNG IN DIAGNOSTIK UND BeGuTACHTUNG 
DER SILIKOTUBERKULOSE. By Gustav Sepke. Pp. 
177, Veb Gustav Fischer Verlag, Jena, 1961. Price, 
36,60 DM. 


Preventive Mepicine Wortp War II. Vot- 
ume V. Communicable Transmitted 
Through Contact or by Unknown Means. Edited 
by John Boyd Coates, Jr., Ebbe Curtis Hoff, and 
Phebe M. Hoff. Pp. 530, Office of the Surgeon 
General, Department of the Army, Washington, 
D. C. 1960. Price, $5.75. 
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American Thoracic Society 
Medical Section of the National Tuberculosis Association 


NOTICES 


The following dates and locations of the next three annual meetings of the National Tu- 
berculosis Association and the American Thoracic Society have been selected and approved: 
1962—Miami Beach, Florida—May 20-24 

1963—Denver, Colorado—May 12-16 
1964—New York, New York—May 24-28 


AMERICAN SOCIETY OF CLINICAL RADIOLOGY 


The American Society of Clinical Radiology announces that a clinic will be held from 
January 18 to 20, 1962, at the Arizona Biltmore, Phoenix, Arizona. Chest physicians who do 
their own diagnostic radiology are invited to attend. For information write Dr. Louis Shattuck 
Baer, Secretary, 411 Primrose Road, Burlingame, California. 


INTERNATIONAL CONFERENCE ON OPPORTUNISTIC (SECONDARY) FUNGAL INFECTIONS 
The International Conference on Opportunistic (Secondary) Fungal Infections will be 


held in Durham, North Carolina, from June 28-30, 1962. For information contact Dr. Ernest 
W. Chick, Secretary, Veterans Administration Hospital, Durhani, North Carolina. 


ANNOUNCEMENT—RESEARCH GRANTS 
The National Tuberculosis Association, through i's medical section, the American Thoracic 
Society, offers grants for research in tuberculosis aad other respiratory diseases. Grants are 


awarded for medical and social research in these fields. Applications for the grant year be- 
ginning July 1, 1962, must be received by December 15, 1961 


Full information and application forms may be obtained from: Division of Research and 
Statistics, American Thoracic Society, 1790 Broadway, New York 19, New York. 
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Kou exposures in half! New Kodak Royal 
Blue, Kodak's fastest medical x-ray film, 
requires only one-half the exposure for Kodak 
Blue Brand... and it lives up to the Kodak 
standard of dependability and high quality. 


Ask your Kodak Technical Representative to prove it. 


EASTMAN KODAK COMPANY 
X-ray Sales Division, Rochester 4, N.Y. 
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THE AMERICAN REVIEW OF RESPIRATORY DISEASES 


The Behavior of 


Pulmonary Tuberculous Lesions 
by E. M. MEDLAR, M.D. 


43 illustrations in color 


In this monograph, published originally as a supplement to the March 
issue of The American Review of Tuberculosis and Pulmonary 
Diseases, now known as the American Review of Respiratory Dis- 
eases, the author has brought together in these eleven comprehensive 
sections the results of a lifetime of observation and interpretation. 


. STATEMENT OF THE PROBLEM. 

. Tue EXPERIMENTAL APPROACH. 

. Necropsy Stupies or HuMAN PuLMoNARY TUBERCULOSIS. 

. PRELIMINARY DiscUSSION OF RESECTED SPECIMENS. 

. BEHAVIOR OF ste PARENCHYMAL TUBERCULOUS LESION. 
‘I. A Srupy or Resecrep MINIMAL TUBERCULOSIS. 

. BroncutaL Lesions in TUBERCULOSIS. 

. TUBERCULOSIS AND BRONCHIECTASIS. 

. BACTERIOLOGIC OBSERVATIONS. 

. Re-EXAMINATION OF THE PROBLEM. 


. Postscript. 


A few extra copies of this monograph are available at the following postpaid rates: 


Cloth Bound... $2.50 each. 
Paper 


Send your order and payment at once to 


THE AMERICAN REVIEW OF RESPIRATORY DISEASES 
1790 Broadway New York 19, N. Y. 
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POSITIONS AVAILABLE AND WANTED 


RATE $3.50 per insertion for 25 words or less; additional words—15 cexs each. Bold face semi-display 
$5.00 per insertion for 25 words or less; additional words--20 cents each Box number—75 cents extra. Re- 
mittance should accompany copy and be sent to: The American Review of Respiratory Diseases, 280 Madison 


Ave., New York 16, N. Y. 


WANTED: ONE-YEAR RESIDENCIES in 
TUBERCULOSIS and PULMONARY  DIS- 
EASES: The Service is an active unit consisting of 
342 beds, of which 55 are assigned to care of pa- 
tients with non-tuberculous pulmonary diseases. 
It is part of a large General Medical and Surgical 
teaching hospital; affiliated with four Medical 
Schools in the Metropolitan Chicago Area; excel- 
lent staff and facilities for Research. The one-year 
Residency in Tuberculosis and Pulmonary Dis- 
eases would be credited toward eligibility for 
board certification in Internal Medicine and the 
sub-specialty in Pulmonary Diseases; Salary 
$3495 to $4475; non-housekeeping quarters avail- 
able; liberal fringe benefits. Contact the Chief of 
Staff, Veterans Administration Hospital, Hines, 
Illinois. 


STAFF OPENINGS on TUBERCULOSIS and 
PULMONARY DISEASE SERVICE of a large 
General Medical and Surgical teaching hospital 
located in the Metropolitan Chicago Area affiliated 
with four Medical Schools; Service has 342 active 
beds, 55 assigned to care of patients with non- 
tuberculous pulmonary opportunities 
for clinical and laboratory research including 
excellently staffed and fully equipped cardio- 
pulmonary laboratory; possibility for a teaching 
appointment in one of the affiliated Medical 
Schools; starting salary range from $10,635 to 
$13,730, plus 15% if Board Certified; fringe benefits 
average worth is more than $1100 annually. Con- 


diseases, 


tact the Chief of Staff, Veterans Administration 
Hospital, Hines, Illinois. 


WANTED: MEDICAL OFFICER and RESI- 
DENT PHYSICIAN—GLENN DALE HOSPI- 
TAL, the District of Columbia hospital for tuber- 
culosis and other chronic diseases. Active teach- 
ing, surgical and outpatient programs with 
research opportunities. Sick leave, annual leave, 
insurance, retirement and usual Civil Service 
benefits. Salary range of Medical Officer from 
$9,735 to $11,935 with requirements of one year 
approved experience in Internal Medicine or Pul- 
monary Diseases and possession of or securing a 
District of Columbia license prior to appointment. 
Salary of Resident in Pulmonary Diseases $4,056 
with requirements of at least one year of approved 
internship and E.C.F.M.G. certification for for- 
eign medical graduates. Apply: Medical Director, 
Glenn Dale Hospital, Glenn Dale, Maryland. 


WANTED: Superintendent for Tuberculosis 
Sanatorium. Recent legislation has made this a 
Regional Hospital. Affiliation with medical school 
and large teaching hospital. Out Patient Depart- 
ment, Surgical Service, Pediatric Service, Pul- 
monary Function Unit, and new completely 
equipped laboratory. Spacious house, complete 
family maintenance, maid service, and retirement 
program. Send inquiries to Dr. Helen W. Evarts, 
Acting Superintendent, Middlesex County Sana- 
torium, Waltham, Mass. 
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THE AMERICAN REVIEW OF RESPIRATORY DISEASES 


COMPLETE CASE 
*** FINDING SERVICE 


For more than 25 years Powers has been 
relieving TB case-finding projects of all tech- 
nical problems. Our technicians work to your 
schedule with units that can handle as many 
as 200 chest x-rays per hour. We deliver fully 
processed x-rays, with a viewer, to sponsor’s 
roentgenologist. Long experience and large 
volume make Powers X-ray Service both 
economical and efficient. 


Available in either full size roll paper method 
or 70 mm photofluorographic method. Write 
before you plan a TB case finding project. 


ECONOMICAL 
X-RAY 
PAPER 


You can have high quality radiographs at less 
than half the usual cost with Powers X-ray 
Paper. Used by leading hospitals for over 16 
years. Powers X-ray Paper is available in 
standard sheet sizes, or perforated rolls for 
use with the Powers Magazine Cassette. 
Write for complete information. 


POWERS X-RAY PRODUCTS, INC. 


Glen Cove, Long Island, N.Y. 


FOR THE OFFICE 


© Roll labels © Red-bordered labels 
© Fanfold labels © Parcel Post labels 
@ Caution labels © Mailing labels 

© Shipping labels © Air Mail 


See your stationer for Eureka stock labels. For your 
special requirements, please write. . . 


SEB SCRANTON 


REVIEW SUPPLEMENTS AVAILABLE 
SYMPOSIUM ON EMPHYSEMA 

AND THE “CHRONIC 
BRONCHITIS” SYNDROME 


Aspen, Colorado, June 13, 14, 15, 1958 

A symposium covering the major aspects of 
tuberculosis including emphysema and the 
“chronic bronchitis’ syndrome. 

213 PAGES, PAPER COVER $2.00 


INTERNATIONAL SYMPOSIUM OF 
THE DEBORAH SANATORIUM 
AND HOSPITAL 


Philadelphia, Pennsylvania, November 20, 21, 
22, 1958 

A comprehensive compilation of present- 

day thinking on: chemoprophylaxis of tu- 

berculosis, tuberculosis case finding, surgi- 

cal aspects of the treatment of pulmonary 

tuberculosis, and hospital and home care. 

139 PAGES, PAPER COVER $2.00 

Your order can be filled promptly. 

NATIONAL 

TUBERCULOSIS ASSOCIATION 

1790 Broadway, New York 19, N. Y. 
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for the prothrombin determinations you prefer, 
you can always depend on 


DIFCO REAGENTS 


1-STAGE TECHNIQUE of QUICK and LINK-SHAPIRO 
BACTO-THROMBOPLASTIN, used according to the method of Quick, has 


demonstrated its accuracy and reliabilicy for more than 20 years. Each box of six 
ampules is sufficient for 210 Quick determinations or 420 Link-Shapiro determi- 
nations. 

BACTO-THROMBOPLASTIN is a stabilized, desiccated rabbit brain substance 
of high thromboplastin potency. It is used in all prothrombin time procedures with 
whole or diluted plasma. It is stable in either dry form or frozen extract. 


2-STAGE CONCENTRATION TECHNIQUE of WARE and SEEGERS 


BACTO-PROTHROMBIN 2-STAGE REAGENT is a standardized, stabilized 
reaction mixture for use in the Ware and seer yn we for quantitative deter- 
mination of prothrombin concentration. Bacto-AC Globulin Serum 1s prepared for 
use in this procedure. 


Descriptive literature gladly sent upon request. 


Dirco LABORATORIES 
DETROIT 1 MICHIGAN 


EMERSON 
Pleural Saction Pamp 


1. Very High Volume. 


Aspirates 30 liters per minute at a set- 
ting of 10 centimeters of water. 


2. Low, constant pressure. 


Does not climb appreciably even with 
tubes wholly obstructed. 


Built for continuous operation .. . years of 
trouble-free service. 


Available in single or dual models. 


Please request Form 55-JS-12 


J. H. EMERSON COMPANY 
CAMBRIDGE 40, MASS., U.S.A. 
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SIMPLIFIES TUBERCULIN TESTING 
STERNEEDLE* GUN 


The Automatic TB Case-Finding Device 
for the Heaf TUBERCULIN TEST 
The STERNEEDLE gun is an improved multiple puncture 
apparatus for rapid intradermal tuberculin testing. Based on 
the Heaf principle of multiple puncture, six needles — 
contained within the STERNEEDLE cartridge mechanically 
and painlessly penetrate the skin through a previously 
applied film of concentrated PPD. Needle puncture and 
withdrawal is automatic. 
ADVANTAGES... 
® Four (4) times faster than Mantoux. 
® Faster and more reliable than Patch test. 
® Performs up to 400 tests per hour. 
® Detects reactors to 5 TU Mantoux and some 100 TU reactors. 
® No dressing required. 
® Accurate interpretation, without measurement. 
Averages 250 readings per hour. 
® Each test is uniform—puncture of 1 mm. depth 
and needle withdrawal is automatic. 
® No special skill required. 
® Painless. Ideal for testing children. 


Note: CONCENTRATED TUBERCULIN PPD ae 7 
® Eliminates hazardous and uncertain flame sterilization. 


“CONNAUGHT is used for the STERNEEDLE 


test. Available in 1 cc vials (sufficient for os ® Disposable needle cartridges ELIMINATE CROSS-INFECTION. 
mony os 200 tests). = Low cost STERNEEDLE cartridges may be resterilized. 


Procedure for STERNEEDLE TUBERCULIN TEST: Write for literature. Personal demonstration may be arranged. 


Top, left...Slip needie cartridge on gun with 
plastic applicator. Remove applicator. 


Top, right...Place a drop of tuberculin PPD on 


cleansed forearm. 
Bottom, left...Place gun on drop of tuberculin c A THE crany CORP. 


PPD. Pressure and release of handie automati- 
cally triggers and retracts the needles. 266 South Dean Street, Englewood, New Jersey 
Bottom, right: Disposable needle cartridges and 


applicators may be washed and sterilized for 
reuse. if desired. *Trademark. Pat. Pend. 
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